


Executive Summary

This preliminary feasibility report on the inclusion of hydroelectric power
as an added project purpose at the existing Colebrook River Lake in Colebrook,
Connecticut was conducted to determine the need for detailed study. Further
or additional reports recommended as the result of this preliminary study would
be prepared using the specific authority contained in the resclution of the
Committee on Public Works of the Unites States Senate adopted 11 May 1962,
relating to development of a comprehensive plan for the Connecticut River
Basin.

Colebrook River Lake, which has been operational since 1970, is a multi-
purpose project for water supply, flood control and fishery resources. It is
located on the West Branch Farmington River just upstream of the Goodwin
Dam and West Branch Reservoir. The latter, with its upper reservoir extrem-
ities lying within the Colebrook River Lake impoundment is owned and operated
by the Hartford Metropolitan District Commission (HMDC) and is also drafted
for water supply.

Results of these studies indicate that the project site is a viable
candidate for developing hydropower as a nonfossil and renewable energy
resources. It is located in a watershed where the management of water
resources is of general interest, and a climate of acceptability exists for such
an endeavor.

New England's current dependence on expensive imported oil has aroused
new. interest in using the region's numerous rivers for hydroelectric power. The
proposed hydroelectric power development at an existing Corps of Engineers
dam would help to reduce national and regional dependence on oil for electric
energy production, and improve New England's energy independence by encour-
aging development of renewable energy resources.

Five alternative plans were evaluated for harnessing the hydropower
potential of the project site. All alternatives were analyzed assuming a single
hydropower unit to be sited at the downstream end of the existing Colebrook
River Lake outlet, with a steel liner installed for use as a penstock. This would
limit the installed hydraulic capacity of the hydropower facility to approxi-
mately 600 cubic feet per second (cfs).

‘The plan of development for Alternative 1 is based on the outflows and
heads as experienced over the 9-year historical operating period. Alternative 2
would harness the same outflows except there would be a reallocation of stor-
age between Colebrook River Lake and the downstream West Branch Reservoir,
thereby increasing the hydraulic head between the two reservoirs while still
meeting the same project purposes. Alternative 3 would be identical to Alter-
native 2, but as the project is well suited for pumped storage, chiefly because
the requ1red headwater and tailwater pools are already in existence, the hydro-
power facilities of Alternative £ would be made reversible. Alternative 4
would involve Alternative 2 storage reallocation plus the addition of bascule
gates on the Colebrook River Lake spillway, thereby increasing the regulated



storage capacity at Colebrook River Lake for added hydropower head. Alter-
native 5 would be identical to Alternative 4 except that the hydropower
installation would be made reversible for the same purpose as advanced for
Alternative 3, The basic differences between Alternatives 1, 2 and 4 are
graphically illustrated on Plate 11, Sectxon I of the text.

A cursory look at another plan was conducted, and the plan was deter-
mined to be outside the realm of this study. The plan involved a high head .
pumped storage project, referred to as "The Tolland Center Pumped Storage,"
as documented in the New England River Basins Commission report, dated July

1973, This proposal would have its lower pool located within the confines of the

Colebrook River Lake Reservoir, and as such is still considered a viable
project. However, when and if ever implemented, it should have no economic
impact whatsoever on the Colebrook River Lake hydropower potential. How-
ever, the social and environmental impacis of the pumped storage concept
would need to be addressed.

Alternative 1 was analyzed assuming a 2.5 megawatt (Mw) unit with a 60~
foot design head and a resulting design hydraulic capacity of 614 cfs. The
installation would be capable of harnessing nearly the full hydropower potential
of the outflows from Colebrook River Lake and result in an average annual
generation of 8,100 megawatt hours (Mwh). The average annual generation for
Alternatives 2 and 3 would be 13,600 Mwh, based on a 3.5 Mw unit, a 90-foot
design head and a resulting design hydraulic capacity of 570 cfs. The economic
benefit to be derived from the reversible unit of Alternative 3 would be to
provide dependable capacity and would be evaluated at 2.0 Mw with an assumed
maximum head of 50 feet. The total potential energy output for Alternatives 4
and 5 would be 18,900 Mwh, produced from an installation of 4.0 Mw, and based
on a design head of 100 feet and a hydraulic capacity of 590 cfs, Alternative 5
dependable capacity concept, evaluated at 2.5 Mw with an assumed minimum
head of 65 feet, would be identical to Alternative 3 for deriving economic
benefits from its reversible unit,

The reversible unit concept would add to the operating flexibility,
dependability and marketability of either Alternatives 3 or 5, however, as
previously stated, justification would be based on the economic benefit to be
derived from the dependable capacity. The associated pumping cost would be
assumed such that the net annual energy production would be equal to that of
either Alternative 2 or 4, as applicable, and that there would be no net gain or
loss due to pumping. That is, the difference in cost of energy for pumping and
the value of added generated energy would be sufficient to offset the energy
loss in the operation of either Alternative 3 or 5.

As this feasibility report is preliminary in scope and the installed capacity
of each alternative is relatively small, Alternatives 1, 2 and 4 would be con-
sidered principally as energy producing "fuel saving” type projects. Therefore,
benefits derived for project justification would be determined by the price for
which power could be sold. Subsequent studies would determine if credit for
dependable capacity would be allowed, either as a benefit or credit reduction in
project costs. It is for that reason that retention of Alternatives 3 and 5 to
supersede Alternatives 2 and 4, respectively, would be held in abeyance at this
time.
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The values at which Alternatives l, 2 and 4 would be economically justi-
fied were respectively estimated to be 53.8, 34,5 and 39.3 mills per Kwh, or
simply 5.4, 3.5 and 3.9 cents per kilowatt hour. Since benefits for Alternatives
3 and 5 would be for dependable capacity and are currently nonguantifiable,
values at which those alternatives could achieve project justification are
estimated to be $34.15 and $26,76 per Kw of dependable capacity for
Alternatives 3 and 5, respectively. All of the stated values are exclusive of the
relative price shift analysis. However, relative price shift analysis, to reflect
real escallation in fuel costs, has been addressed and is documented in Section
VI of the text,

With the addition of hydropower as an added project purpose to Colebrook
River Lake, this study recognized that a new cost sharing arrangement would
have to be developed between the Federal Government and the Hartford MDC
for joint use of the Corps facilities. Therefore, appropriate cost allocation
studies and modification to the existing contract are envisioned and would be
pursued as the study progresses.

The proposed project complex (Colebrook River Lake and West Branch
Reservoirs) would have no measurable impact on the topography, geotechnical
features or climatology of the area. Impacts to the aquatic and terrestrial
ecosystems, the recreation and natural resources, the historic and archaeo-
logical resources, and the socioeconomic resources would vary accordingly with
each alternative. '

Alternative 1 would produce little or no adverse impacts as operation of
the project would be essentially the same as at present; and, exclusive of the
power facilities, no modification to project features is envisioned. For Alter-
natives 2 and 3 adverse impacts would be present but are considered relatively
insignificant with some exceptions. Impacts of significance would include an
additional 40 acres of reservoir clearing along the periphery of the reservoir;
and the lowering of the West Branch Reservoir by 3] feet and subsequent raising
of Colebrook River l.ake Reservoir, thereby requiring the boat launching
parking area and ramp to be raised by 4 feet. Alternative 3 with its pumpback
operation could produce additional impacts, such as increased mixing resulting
in modified stratification and a change in overall water quality conditions in
Colebrook River Lake Reservoir. Shoreline erosion and related impacts in both
reservoirs would also be more prevalent than anticipated in Alternative 2, in
that they would be exacerbated by the more frequent pool level changes, and
the characteristic pumpback mode of several consecutive changes occurring
through a single series of pool elevations.

Alternatives 4 and 5 would produce significantly higher normal pool levels
in Colebrook River Lake Reservoir and thereby increase the magnitude of all of
the effects indicated for Alternatives 2 and 3. Additional requirements for
Alternatives 4 and 5 would include clearing of 110 acres of reservoir along the
periphery of the reservoir; total relocation of existing and future recreation
resources; and acquisition of 160 acres of land including one commercial and
nine residential properties in Sandisfield, Massachusetts, together with another
190 acres of flowage easements, of which 60 acres would be in Connecticut.
Alternatives 4 and 5 could also have effects upon historic period cultural
resources. '
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Based on project justification and impacts of each alternative the most
likely candidate for the selected plan at this time would be Alternative 2, It
would be considered principally an energy producing "fuel saving" type project
with no benefits claimed for any dependable capacity. It is noted, however,
that available generation could be generally forecasted on a week-to-week

basis. Except during flood regulation, releases are made from Colebrook River

Lake weekly at the request of the Hartford MDC and/or the Connecticut
Department of Environmental Protection. The Hartford MDC is required to
discharge 66,600 acre-feet annually from its system of reservoirs in the basin
for use by downstream riparian owners, and 53,400 acre~feet must be dis-
charged between 15 May and 31 October. Secondly, no less than 50 cfs outflow
must be maintained at ali times at the downstream Goodwin Dam and only
inflows in excess of 150 cfs can be stored. During the summer months, June
through October, releases from Colebrook River Lake are generally scheduled
weekly and are equal to inflow plus planned releases from storage resulting in
an augmented outflow and falling reservoir level. During the winter months,
November through February, only inflows in excess of 150 cfs are stored,
usually resulting in a gradual filling of storage. Once the water supply storage
is filled, either during the winter or spring runoff period, outflow is generally
maintained equal to inflow until the following summer season, except for short
duration flood regulation.

With the plan of operation for Alternative 2, it is expected that the
downstream West Branch Reservoir would be used as a reregulating reservoir,
permitting the Colebrook River Lake project to operate in an "on-off” mode,
fitting generation to power demand, within the limits of the average weekly
flow requirements and resulting available head. The hydraulic capacity of the
project would be in the order of 600 cfs; therefore, average daily hours of
generation might vary from 7 hours per day in October and November when
average flow is about 175 cfs to about 20 hours per day in April when average
flow would be nearly 500 cfs. The all season average annual plant factor would
be about 44 percent or about 1l hours generation per day. Maximum rates of
pool level change due to the proposed hydropower operation would be about 0.3-
0.5 ft/hr in the downstream West Branch Reservoir and 0,1 ft/hr in the
Colebrook River Lake. Maximum daily fluctuations as a result of hydropower
operations should not exceed 6 feet in the West Branch Reservoir and 2 feet in
Colebrook River Lake. Rates and magnitudes of fluctuations are considerably
greater during periodic flood regulations, The existing outlet capacity at
Goodwin Dam is limited to about 1,000 cfs. Therefore, during floods and high
flow periods, the West Branch Reservoir would fill to elevation 641 feet NGVD
to permit utilizing the spillway for the passage of high flows and the emptying
of floodwaters from storage, first from Colebroock River Lake and then from
the West Branch Reservoir.

No effort was made in this study to develop an optimum plan of operation
with hydropower as an added purpose for Alternative 2. Hydropower was
assumed an incidental purpose, and it was assumed that the project would be
operated as in the past to meet the same downstream flows. Only the change

in storage allocation between Colebrook River Lake and West Branch Reservoir

was considered in the interest of increased hydropower generation. Further
optimization studies would be a part of any more detailed design and would
likely be periodically reviewed after project completion.
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The hydropower installation would have a synchronous generator rated
4375 kilovolt amperes (Kva), 0.8 power factor (PF), 3-phase, 60 hertz (Hz), 5.0
kilovolts (Kv), 900 revolutions per minute (rpm). The turbine would be a single,
vertical propeller Kaplan runner with adjustable blade unit and equipped with "
wicket gates. The Kaplan unit would have a h:gh opetrating efficiency under
varying range, 60 to 140 percent, of design head; and would also operate quite
efficiently under varying discharges, 40 to 105 percent, of design capacity. The
throat diameter would be 4.6 feet. Assuming a combmed turbine and generator
efficiency of 80 percent, the output of the generator, based on a 90-foot design
head and a des:gn hydraulic capacity of 570 cfs, would be approximately 3.5
Mw. The average annual generation would be 13,600 Mwh at an average annual
plant factor of'44 percent. Total project cost for Alternative 2 is estimated to
be $5,720,000 with annual charges of $469 200 and an energy cost approxi-
mating 34 5 mills/Kwh.

A tabular summary of the hydrological and cost/benefit data for Alter-
native 2 appears in Table 1. Similar and comparative data for all five
alternatives are further displayed in Table 21 of Section IX of the text.

TABLE 1

ALTERNATIVE 2 - PERTINENT DATA

Number of Units 1

Throat Diameter (ft) 4,6

Design Hydraulic Head (ft) 90

Generator Capacity (Kw) 3500

Generator Type Synchronous

Hydraulic Capacity (cfs) 570

Potential Annual Generation (Kwh) 13,600,000

Annual Plant Factor 0.44

Average Turbine/Generator Efficiency 80%

Type of Turbine Vertical Propeller with
Kaplan Runner

Annual Oii Savings (barrels) 19,200

Total Investment Cost $5,720,000

Annual Charges. $469,200

Energy Cost (Mills/Kwh) 34.5



The current acceptance of Alternative 2 as the selected plan would in no
way preclude the retention of the other four. alternatives or any others that
may surface as the planning process continues. The final determination and
recommendation of the most economically viable and acceptable alternative
would be held in abeyance, pending more detailed studies and public
involvement. Subsequent studies would develop within the framework of the
Principles and Standards (P&S) both a National Economic Development (NED)
Plan and an Environmental Quality (EQ) plan that would sustain the hydro-
electric power potent1a1 as an integral part of the project purpose while
enhancing, preserving and maintaining the water and related land resources of
the project area.
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Introduction

SCOPE OF WORK

Preparation of this report comprises Stages 1 and 2 for the study activities
of a Feasibility Report in the evaluation of hydroelectric potential at Colebrook
River Lake, an existing dam site owned and operated by the Corps as a multi-
purpose project for water supply, fish conservation and flood control.

Plans assessing the hydropower potential at that Federal project were
developed to be compatible with the authorized purposes.

AUTHORIZATION

Authority for preparation of this report is contained under Section 216 of
" Public Law 91-611 which states:

"The Secretary of the Army, acting through the Chief of Engineers, is
authorized to review the operation of projects the construction of which has
been completed and which were constructed by the Corps of Engineers in the
interest of navigation, flood control, water supply, and related purposes, when
found advisable due the significantly changed physical or economic con-
ditions, and to report thereon to Congress with recommendations on the
advisability of modifying the structures or their operation, and for improving
" the quality of the environment in the overall public interest."”

Further or additional reports recommended as the result of this preliminary
feasibility report on the inclusion of hydroelectric power as an added project
purpose at the Colebrook River Lake in Colebrook, Connecticut would be prepared
using the specific authority contained in the resolution of the Committee on
Public Works of the United States Senate adopted 11 May 1962:

"RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE UNITED
STATES SENATE that the Board of Engineers for Rivers and Harbors, created .
under Section 3 of the River and Harbor Act, approved 12 June 1902, be, and
is hereby, requested to review the reports of the Connecticut River, Massa-
chusetts, New Hampshire, Vermont, and Connecticut published as House
Document Numbered 455, Seventy-fifth Congress, second session, and other
reports, with a view to determining the advisability of modifying the existing
project at the present time, with particular reference to developing a com-
prehensive plan of improvement for the basin in the interest of flood control,
navigation, hydroelectric power development, water supply and other pur-
poses, coordinated with related land resources."



PROJECT HISTORY

Since the early 1900's the Farmington River watershed has experienced
seven major floods. The record flood of August 1955 caused 31 deaths within the
basin and at today's price level the estimated property damage would be in excess
of $150,000,000.

Prior to that time, there existed only one Federal flood control project in
the basin, namely, a channel improvement project on the Mad River in the city of
Winsted, Connecticut, which was authorized by Public Law 72-228 and completed
in 1951. As a result of the 1955 catastrophic event, the Corps of Engineers under
Congressional mandate developed a water resource plan for the Farmington River
watershed which led to the construction of three reservoirs, one channel
improvement and several flood plain information studies. These reservoirs are
Colebrook River Lake, a multipurpose project which helps to desynchronize down-
stream floodflows particularly along the Connecticut Riverj and Mad River and
Sucker Brook prjoects, both functioning primarily to reduce flooding along the
Farmington River as well as the West Branch, Mad and $till Rivers, Locations of
these reservoir projects are shown on Plate 1.

The Colebrook River Lake project was authorized by the Flood Control Act
of 14 July 1960, Public Law No, 86-645, in accordance with the recommendations
of the Chief of Engineers set forth in House Document No..443, 86th Congress,
2nd Session. This authorization provided for both flood control and water supply
as project purposes. Fish and wildlife conservation was subsequently added as a
project purpose, and the provision of storage for this purpose received its
authorization from the Fish and Wildlife Coordination Act of 12 August 1958,
Public Law No. 85-624. Project construction was initiated in April 1965 and
became operational in 1970.

SOURCE OF INFORMATION

Data utilized in preparing this study were obtained by personnel from the
New England Division, Corps of Engineers (NED) from site inspection of Colebrook
River Lake, "as-built" drawings and reports including other technical information
available at NED. Contacts with concerned agencies of the Commonwealth of
Massachusetts and the State of Connecticut were initiated and their responses
have been appropriately incorporated in the report. Their letter replies are
included as Appendix A and B, respectively. In addition, information relative to
mechanical and electrical features was either obtained from manufacturer
literature or verified by representatives of appropriate manufacturers.

Under the authority of Section b of the 1944 Flood Control Act, the 1.8,
Department of Energy (DOE) would be responsible for marketing all electric
power developed from the Colebrook River Lake project. That statute requires
that power be sold in such a manner as to encourage the most widespread use
thereof at the lowest possible rates consistent with sound business practices.
Section 5 further directs that preference in the sale of power and energy is to be
given to public and cooperative power interests.



In view of that mandate, inquiries relating to distribution and marketability
of the potential hydroelectric generation were tentatively discussed with the
Massachusetts Municipal Wholesale Electric Corporation (MMWEC) letter
attached as Appendix C who acted as liaison with their counterpart, the Con-
necticut Municipal Energy Cooperative (CMEEC) of Groton, Connecticut, both of
whom are public utilities, The Hartford Metropoiitan District Commission
(HMDC), a public agency with water supply investure in the proposed project, and
the Northeast Public Utilities were also consulted and informed of the applicable
authority.

Discussion with an appropriate Federal marketing agency to be established
for the area at some future time; the Federal Energy Regulatory Commission
(FERC); as well as other concerned Federal and non-Federal interests will be
pursued in conformance with Section 5 of the 1944 Flood Control Act in

subsequent stages of the planmng process.

GOALS

This report will demonstrate the ability to develop a nonfossil, renewable
energy resource from an existing Corps project currently void of hydroelectric
generation which will: -

Result in a maximized contribution to the national economy;
Promote the economic development of the region;
Operate to preserve the valuable features of the natural environment;

‘ Provide a reduction of national and regional dependence on oil for electric
energy productlon, and

Improve New England's energy independence by encouraging development of
natural renewable energy resources.

PROBLEMS, NEEDS AND OPPORTUNITIES

The New England region must reduce its dependency on imported foreign oil,
and other nonrenewable fossil fuels for the production of energy generation. In
achieving that objective, it must develop and improve any of its native renewable
energy resources that will provide a dependable and economical supply of elec-
tricity. As that mission is of paramount importance to the people of New England
and to the economy of the region, any conceivable measures or methods that could
improve the current and projected energy generation needs should be explored.

From statistical data published by the Electric Council of New England, the
composition or types of fuels utilized by the electric utility lndustry for NeW
England's electrical generation mix in 1979 is as follows:



NET ENERGY GENERATED

1979 -

Types Million Kilowatt _I-Iours . Percent of Total
Gas - _ 197 0.3
Hydro 4,518 5.8
Fossil 3 46,648 59.6
Nuclear. ' 26,729 34.1
Internal Combustion , 161 ‘ 0,2

Total _ - 78,253 ‘ _ 100.0

In 1979 fossil fuel consumed amounted to approximately 1,150,442 tons of coal;
9,201,969 million cubic feet of gas; and 71,779,082 barrels of oil. Qil is the"
primary fuel used in New England, followed closely by nuclear. This unusual fuel
mix results primarily from the fact that New England has to date discovered no
significant conventional energy resources of its own (other than water) that can be
used in central generating stations. It must rely on other regions and principally
on other countries for its coal, oil, gas and uranium.

Nuclear plants currently provide about 34 percent of New England's gener-
ation, and despite increasing reliance on nuclear generation, fossil-fueled steam
plants continue to supply the largest part of New England's energy requirements.
Hydroelectric provides only 6 percent of the power generation produced from a
total hydroelectric system capability of 2,696 Mw (4,518 million kilowatt hours) of
which 1,477 Mw is principally generated from pump storage.

Projected forecasts indicate that energy demand will continue to increase at
a rate of 2.6 percent per year. The fuel mix prevailing in 1995, based on New
England Power Pool's planned purchases, retirements and year growth, will be
approximately the following:
PROJECTED 1995 GENERATION MIX

Percent of Percent Change

Types Total Generated From 1976
Gas 0 ‘ -0.4
Hydro ' _ 11,7 . +4,8
Coal _ - 17.3 : + 14.7
Oil . 37.8 -19.1
Nuclear : 33.2 . 0

For all practical purposes, electric generation by gas would be nearly phased
out over time with no change occurring in nuclear generation. Major changes
would be a decrease in fuel oil to be displaced by an increase in coal generation.

To reduce New England's dependence on oil for the production of electrical

energy, a number of management measures could be employed. Structural
measures could include: converting more oil-fired facilities to coal; building
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additional coal and nuclear facilities; constructing hydroelectric and tidal power
projects; and developing alternative energy sources including, but not limited to,
wind, passive solar, coal liquidification, photovoltaics, wave action, geothermal,
wood, and other biomass and purchases of imported power. Nonstructural
measures would consist manly of conservation and load management. A brief dis-
cussion of some of those measures, including inherent advantages and disad-
vantages, is presented below,

Conversion of more oil facilities in New England to use coal as a fuel has
directly reduced the amount of oil needed for electric energy production. Though
the concept is technically sound and economically implementable at many
facilities, the conversion, is not without problems. Key factors that must be
considered are the availability of water or rail transportation facilities and
protection of ambient environmental quality. '

The construction of new coal and nuclear facilities could also directly
reduce oil use. However, new coal facilities have problems similar to converted
facilities and the current social-political climate in New England makes
development of nuclear projects difficult, if not impossible. It is known that
nuclear power, in short term, is a viable method of displacing large amounts of oil
generation, However, nuclear power expansion has essentially stopped during the
last few years, and it is not known what its future will be in New England.

Hydroelectric facilities including run-of-river, pumped storage, conventional
and tidal power could also directly reduce the amount of oil used for generation.
While these projects do not degrade air quality, or create dangerous waste
materials, they tend to permanently alter existing physical conditions at the
project site, sometime displacing inhabitants and adversely affecting resident
wildlife. The fuel, water, is a renewable resource.

Windpower, one of the oldest forms of energy, is clean and many sites are
available in New England. Windpower energy is intermittent, as is energy from
either tidal power or run-of-river hydropower projects. Energy from such projects
is dependent on natural phenomena, wind, tides and runoff. Man cannot control
the availability of fuel, but in the case of tidal power or run-of-river power
energy, he can predict availability with reasonable accuracy. Passive solar is
basically an at-site technology. It is useful for space and hot water heating but
unadaptable to large centralized facilities, Liquified coal, photovoltiacs, nuclear
fusion and biomass will, perhaps, be the predominant energy sources of the
2000's, Once fully developed, these technologies could lead to energy inde-
pendence for the region and the nation. New England is fortunate with respect to
energy sources, in that it has wood and water in abundance. Wood, though
renewable, is not nearly as attractive as hydropower or any of the other solar
technologies (direct, wind, passive}. It takes several years to renew the wood
resources, whereas solar resources, tides, runoff, wind and sunlight are con-
tinuously renewed. Even though purchase of imported power from Canada could
reduce our direct dependence on oil, it would do little to enhance our energy
independence.



- Conservation would be one of the best short term -answers to oil use
reduction. Smaller, more efficient automobiles, lowered thermostat settings,
insulation and other conservation methods could directly reduce oil use but with
resultant impacts on lifestyle. - :

Load management is primarily aimed at rearrangmg the timing of electric
demand which involves changing people's habits. Once established, load manage-
ment would allow more use of base load and intermediate power sources (lower
cost, less oil~dependent coal, nuclear and hydroelectric) and require less peaking
power (expensive pumped storage and oil dependent combustion turbines). Of
course, load management assumes that the use of nuclear and coal energy will
continue to increase.

Inasmuch as any of these management measures would help to alleviate, to
some degree, the energy problems within the region, they are not a panacea to the
energy crisis. It would also be reasonable to postulate that major technological
breakthroughs regarding renewable energy resources are unpredictable, and would
not be developed to the extent that they could be integrated on a large enough
scale for satisfying New England's energy requirements as well as dlsplac:mg its oil
generation for several decades.

If the region is to achieve self-sufficiency in energy, thereby totally

- divorcing itself from its dependency on foreign oil for electric generation, it is
imperative that the availability of any dependable and economical supply of
electricity from any regional natural resources be fully explored.

One of the many ways to achieve that goal would be to place more emphasis,
if possible, on hydroelectric power which is an abundant, pollution free, renewable
natural resource, and an economical and safe source of energy. In the past,
hydroelectric energy has had to complete with oil burning steam plants when
crude oil could be purchased for a nominal price of $1.70 per barrel, as in 1971,
With our present dependency upon imported foreign oil and subsequent skyrock-
eting price of fuel, the electric rates in New England have become alarmingly
high, in fact, among the highest in the nation. In the meanwhile, the ultimate
costs of nuclear plants and the existing social-political climate has led to the
curtailment of new proposed nuclear plants as potential substitutes to oil
generation. Hydroelectric energy therefore becomes an attractive alternative.
The installation of hydropower at Colebrook River Lake could add an important
power source for the region as long as it can be viably provided at a reasonable
cost.. :

The amount of hydroelectric power derived from this project would be
relatively small when compared to the total regional system load. Variations in
the mode of operation would also have little or no impact on the operation of the
total existing power system. Its capability would be equivalent to about 0.02
percent of current regional energy generation needs. The hydroelectric output of
Colebrook River Lake proposal would be counsidered principally an energy pro-
ducing, "fuel saving" type project which could be classified as secondary energy,
usuable for thermal energy displacement. However, use of the project's hydro-
power potential could be a step toward the region's achievement of energy self-
sufficiency.



Profile of Existing Facilities

PHYSICAL AND INSTITUTIONAL SETTING
(General

The Colebrook River Lake Dam is located in northwestern Connecticut in
the town of Colebrook and situated on the West Branch of the Farmington
River as shown on Plate l. The reservoir area, formed by the project dam,
covers a surface area of 1,185 acres at spillway crest and encompasses portions
of the counties of Berkshire and Hampden, Massachusetts and Litchfield,
Connecticut. The dam lies about halfway between the community of Riverton
and the abandoned village of Colebrook River, from which the project derives
its name, The dam embankment is also situated within the pool of West Branch
Reservoir, which is formed by the James Goodwin Dam, owned by the Hartford
MDC. The Goodwin Dam is located less than 1-1/2 miles downstream. Aerial
views of both dams including the West Branch Reservoir are shown on Figures 1
and 2, respectively.

Facilities Description

The important physical components of the project consist of an earth-
rockfill dam and dike, chute spillway, outlet works and recreational facilities
related to fishing. Pertinent data for the existing project are summarized in
Table 2. A general layout of the dam and related features, together with
profile and sections of the existing outlet works, appear on the "As~Built"
drawings on Plates 2 and 3, respectively. For a general review of the reservoir
area and its physical components, refer to Reservoir Map of the Public Use
Plan, shown on Plates 4 and 5.

The dam embankment consists of compacted earth and rockfill and is
approximately 1,300 feet long with a maximum height of 223 feet above
streambed. The top of dam at elevation 790 feet National Geodetic Vertical
Datum (NGVD) provides 24 feet of spillway surcharge and 5 feet of freeboard.
The top width of 30 feet accommodates an 18-foot paved access road. The
embankment slopes are 1 on 2, except for the top 10 feet, which are steepened
to 1 on 1-3/4 to allow for the 30-foot top width, The dam's horizontal axis is
curved in an upstream direction to provide axial compression against the
abutments.

The dike, as shown on Reservoir Map, Public Use Plan, Plate 4, is simi-
larly constructed of earth and rockfill material. It is about 1,240 feet in length
with a maximum height of 54 feet and is located 2,600 feet southwest of the
dam abutment along a depressed ridge.

The spillway is located in a rock cut at the northeast abutment. The
approach and discharge channels are separated from the dam embankment by a
ridge of unexcavated rock. The 205-foot length of the ogee-shaped weir has its
crest at elevation 761 feet NGVD which is 14 feet above the approach channel.
The chute has a width of 200 feet at the spillway apron and transitions uni-
formly to a width of 100 feet in its 850-foot length.

I1-1



LOCATION
DRAINAGE AREA

RESERVOIR STORAGES

TABLE 2
PERTINENT DATA

COLEBROOK RIVER LAKE DAM AND.-RESERVOIR

West Branch Farmington River, Colebrook, Connecticut

118 square miles

Dead Storage ) : Figh Total
and Hariford Met. District - Water Supply OSonservation Fleod at
Sedimentation ~ Existing Replacement Hew Fall Season Control Spillway Crest
Full Pool Elevation (ft, NGVD) 59643 61,0 613.7 701.2 708.0 761.0 76140
Capacity (acre-feet)(net) 1,000 9,800 1,000 . 30,700 5,000 50,200 97,700
(inches)(net) 0,16 1,55 0.156 L.88 0.79 7498 - 15.52
a1l Pool Area {acres) 90 355 370 713 750 1,185 1,185
EMBANKMENT FEATURES
Main Dam Dike
Type Folled earth M1L with Fook 516pe Prot. 0. eaxr i
Length (£t 1,300 2,240
Top Elevation (ft, NGVD) 790 790
Maximum Height (£8) 223 Sh
Top Width (ft)} 30

Siopes
SPILLWAY FEATURES
Type .
Crest Length (£t}
Crest Elevation (f%, NGVD)

SPILLWAY DESIGY FLOOD

Paak Inflow (cfs)
Peak Outflow (¢fs) -
Maximum Surcharge (ft. above crest)

QUTLET WORKS

Type

Tunnel, Inside Diameter (ft)
Length of Tunnel (ft)}

Tunnel Invert Elevation (ft, HGVD)
Service Gate Type -

Service Gate Size

Emergency Gate Type

Frergency Gate Size

Downstream Charmel Capacity (cfs)

LAND ASQUISITION

Fee Taking [evation (ft, NGVD)
Flowage Fasement Elevation (ft, NovD)

FROJECT COST
DATE OF COMPLETTON

MAINTAYNED BY

Notes :

is 132,000 a.f. (20,

* Hofizontally from full peol, whichever Js greater,
% On lands owned by Met.ropolitan Hetrict of Hartford County,

Tepartmante

30
1onl-3/li tc 2 on 2 1on 2-1/2°

Chute spillway, ogee weir
: 205
761

2k (El. 785 f£t, NGVD)

C:lrcular tunnel in rock
10
77k
575
Hydraulie, sluice
Three 4' x 8!
Hydravlic, sluice
Three L' x B4
3,400 (Est,)

766 {5 £+, sbove spilluay erest) or 300 £t.%
790

$314,100,000 (Est.)
June 1970

New England Division, Corps of Engineers

The tetal flood control storage of 50,200 a.f. includes 5,000 a.f. of Joint use storage for spring shad
fishery between Jamary and June.
o7 1n., ard ares inundated iz 1,510 acres.

At maximum surcharge elsvation 785.0 ft, NGVD, the total storage utilized

Connecticut and Comnecticut State Forest

1T - 2
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VIEW OF COLEBROOK RIVER DAM (LOOKING DOWNSTREAM)

FIGURE 1




¢ 3ANOI4

COLEBROOK-GOODWIN COMPLEX



CORPS OF ENGINEERS A B ¢
F
% 3 Hateh Line A-AZ, T 'F L -H
N g o /it 3 N R %———3—--(—-_ g o . § il U. S. ARMY
_ 5/ ANL N > G LN by g @ ] g g LEGEND - EXTERIOR FEATURES '
AN A A% 3 '
i 'S AR \ {\ VO AN Pl NEW | EXISTING DESCRIPTION
30" VA BN AR IS \\ W\ ve o/l detocked I
f'”m: ul deﬂrmg/ o AN W \\\\\ k\\ N \\\\ BN blocks in fhis area ¥ o207 | ee20-7 | Confoure
Match Line AA> /) or Log Boom /o NRRRERE AN Vvl 5 x147 147 | Etevations
2 \AOMin. [ - \ W\ VRGN RN il : X o Link Fenc:
_ 1, / ; \ \ \\ (AN N \\ Ny . ' —————80 F—x Chain Link Fence
1 , . A Al A0 \ J k\\ 30 ﬁn.- Hox. e . c— Paved Areas
K N [ - ey | Free £
N428 200 %, \\, \ AN N N L NN e Py \_,-\3\.___,92 Q_r_\.r_‘.t vee Line
. -~ ) ANS WO P e et W i et 0 Difeh - Grade & Oroln
. S AN AN MRS N N
7 U N NSO ORI ARS B N MR | Fock or Ledge Outerop -1
/ ) N \\\\ LAY N - ( e N s T kit of Contractorks Work drea ’
, / F = AN SN W\ NN l \(?:// RN //’; - o pE A& Earth Cof and Rock Cof
~ % QUTLET A RN RARAA Y N NN\ == Earth 1l |
N WORKS NPT 3 AWV ¢ N WL e e Earth Surface (bection
= ' RLACLLLAA - - — by NLET M S, // - AN ""\_.__"_‘_—"" - R A=sumed Roek Surface or Rock
. . = 30 > e ; 1} { / . \\_ — - b Cu¥ (Section)
5, INLET CHANNEL 5N\ ' - PR OXN N~ N T - o Earth Cut with Rock Siope
2 T EL. 5T5.0 E ‘@- P / \ ™ P - —— Frofectron
e, 4 =" Tl Earth E1 with Rock Fill an S/
X e /,]; = _‘,///;b o —GR— Cable Guide Rail e S .
5 T SPILLWAY)-—— .~ -0t Drais intet B
AN e Sl I Pk il
= e T — T T —5p— Storm Droi
—_— §rdon . s . air
— A . ’_\5_;/{-:"/ -,'jiﬂ & — | —=C— | Loivars
| ve2z 00 ] R NG N T, /__.._,___,/,// o —W— Water Line
3 = ‘:\ =N \ g?%_/ e ] _-_/// ///_// ‘/140 —55— Sewer Line
— 8) T e’ e + ;
3 -0 W < o T Sl h —D_it:'-—o e
S5 J=N U & R gl Efectric Line -Overhead
‘ < l\ NS 2 -~ E‘ZKL___ RN (57 _}/’_// a4 //// P ———- Secondary Ling - Ovtrhead
S i - -
‘Note:-Eliminate ~ : N . N ! ‘_"{?—i-._.. "‘-Q // Yl ///// /7/ g :
rock toe on bedrock’ “mm \ \\\ o - Toﬁff dant R P /"L"kk s //// e
or-gs directed. S P R \\\ ~ —— — o X0 e e ; o0
K - —-1\ N N \ ’\ — NS - s - - Va
: \\'\\ 4 AN S \\ \ A~ ~. T T ////////_/“'/ —
o~ N — —
, “ AN SR R R S — /// e 660 GENERAL NOTES
Wafer Gurfole 7 & m ~ R N ~ N ~ el s TS 9 \{3, T e, 1 Elevati
4 23 Sept 63 1 % . ~— §\ N o' Dia “‘-~._.___ TN c, - rﬂi//"") . Eevations refer fo Mean Sea Leve/ Datomn,
° e o S" ] \\:: :::_\\ _\\ \ R S \:\““‘—‘-————-/_2’/ // N - 0 'f‘ o/ff ) : /,/ ( 2. Flane Coordinates refer fo Connecticut Lombert Grid System.
O 3 f L TNy k) N —— = e R AL s 7 e .
< TGP OF DAM EL.750.0 o =N — ~— T 1 - 3. Figures in hexagons indicafe .
/ }\\?\\ ————— ,f\ / Y a;_\ - \\\\\ \\ \\\\-.._ \\ - ,/:// : e ////\7 r \ R?ymenfwi//bgmadg_ icate flem Nombers vnder which 4
Nizraos — — 690 \}\i S {\\ - / ~ s\_\nie ” 3fape s 0y \Y - N O OUTLET T f_' /f,'.,- — P // \ ! /\ 4 For limifs of Confractors Work frea,see Sheef 2.
| MIE7400 \\,_\\ t\\_l: Change in slope ~ “-\\\\ \\ \\\\ . \l \\ -~ STRUCTURE_\':/"::// T-IO”E,__- / A \\ " |
§60 T~ \‘}\ A \ -, ~ ~ \\ i N N ~, —P////_.—-——'- — " _.-J i\
- NN % e N NN \\\ = N T T T - 2
_ A RN Y Yo 7~ N Chornel €15720 — T A
so0— """ B S N L L N N ~ Y ey e — [onl
TR 5 R \\y e =7 1 NOTES
5 ——— : ‘\_}\. — \\ \\\ ~ N . X Ny ~ TN Sedon! _ -~ L —— / e I /e —_—
00— ——, R S ONDSINN (£ Dam (Crown “%. 2 RN = — i —L s i For Embankment, Flan, Profil ;
— X \\\ \\\\ \\\ L \e 790, d"i NS A - // /’—_HH—"\.__/#"/ : S s 2 ar, le, Secllons & Dedalils ses
reo— 7P N 0 NN, NN /7 5 AN N NN Ry TN ////’f T = 2. For Grovking Defails,see Sheet . -5
. ~ N N Lo \\\_ - N Vs i ) g 4
- — = ~ RSN Nt . \ Ftn2 ___A" S ] Water Surfoce 3 For Spillway & Quilef Works Plon sec Sheet
O SO NN — N ~No N - \ N N = - - ] N ce Sheel 8.
1 740 R - LN N - ~~ NZ R A4 \ (West Bronch Reservolr) 4. For Spiliway Frofif :
AWEsT 70../ -~ \ \\\ SR e \\\\\\ : N ~ &;&/ \\ ~ » X \\ // 'l / 23 Sept 63 - sﬁbe:ig f)ﬂ;’é’d;osechons and Concrete Details
= < NN Ny NS ~ TR N ~ ) ey -~ Pl =
— — N N SN R T N A \\( AEN = \ 5 Ffor Quilef Works Frofife,C. / :
160 Yz //7 \\\ \\ \\\\_‘:‘ \\\\ \\ \\\\\ \:‘%b. \\“'--._,_\') 1 ~_ P s e /-'/ Electrical De;m'/s,fs'z;sejega;{;ff;‘:ﬁ;; g_’?.-'cf?amca/anaf
6 427,000 Pock foe oy e ~ ' ~ SPOIL AREA % 6. For Dife and Access Road Fr. : :
€520955 AN ) N N X Gpoit 10 €1 5906 manh %, QUTLET CHANNEL ot Detasts, es Shcen 5 e by IeS Socrons
) — — K = .
/ *‘\‘\j\ \\ N ‘\\\\ \\\\\\\ > N N AN ~ N G 7 For Parking Arec details ‘see Sheet 58, -6
T —_ AN ~, — R ~ N .. .
B dike § B0 —% ALE A -~ \ \\ \\ N ; 2 \\\: \\\\ \\\\\ P 8, For complerte lirrifs of Borrow Area 8 see Shect 77,
= =~ N
route "8 i —— _'_____~_._\ \\ N, Q\:\\\ S \\\\:\\\\:\\Q\\\
. /-\.__// . T AN N T NN i "
// /"‘/—“— _._—H\\ \\\ \ ™ /?c:\\\ I;:ack‘; R \\\“:\\\i‘\ ' R d Dr o
g0 /”’F_—._ -—::"'\ \\\\ NN 7 "05%‘ — --?f____ "‘\\\\\\\\\\ \\\ N ecor. anng
; -~ ——— =~ : — ~ AN ~
7] - TN ~ SRR —— '““\\ SN N \\\  Contract No. DA-15-DE6-CIVENG &5- 2
T e ~ OO NN T SOOI ENG L5212 |
R P \\\ SO\ \\\ \\\\ N \\H\_,.-_. R S SN
-~ e . ~~ —
350 // ———m— TN N AN N, oo\ NN \—: \:\\\\ \\\\\\ \\\\ 7
- ~C OO ST T R,
i SO W\ \\\ N e SN
—— —_— ~
D 2 —— “‘\\\\\\\\\:\\\\ DN ol P
N \ \ —— — DTN IO | |mz2u |Fng/ Freld corrections
NAZE, N AN N N \\ Y NN ~ TEVIION | DATE ot .
NE2E600 + NN —_— % — N\, NN
N N P T SONUNSONNT LS. ARNY ENGINEER DIVISION, NEW ENGLAND
~ ) . ) . NN CORPS. OF
8- NN e “ \\ O™ WALTHA, MASS,
SO\ S \\*\ NN
. —— "~ DE3. &Y 3 2
N e 260 S xe. ma | CONNECTICUT RIVER FLOOD CONTROL § .
N \\\ — ~ | COLEBROOK RIVER DAM
e GENERAL PLAN
T
o GRAPHIC SCALE | WEST BRANCH-FARMINGTON RIVER CONN. B MASS.
80" o uo' wa' [ BE__JAN. 1965

' 80"

SCALE 1"« 80" -1 . N, CIV. ENG. 19-018.86-23

CON -16

SHEET 3

“"AS-BUILT" PLATE 2



A [+ ] E F G H
CORPS OF ENGINEERS | ] 1 L | | . [ | U. $. ARMY
| - Existing ground
saor 8| nyvaxe Tower surfoce £ outlet works:
G
# -~ QUTLET lcmm-lu
L iy y L
820 ! EQUIPMENT BogM 2 = z
I 7 £ Dom
£ 804
PPEGATING RogM
00 | //_'*‘*“_—_ Crown £ 790.5 —800 . T
soor= /LS 2 brid, / 3'rock siope protection
4 £1790.5 ELE ridge 3 Top of Darmm- El. 7900 STA 17+00 k-1
- ] 1 To parking oreo \ =28 11 -
HEATEG RoOM 19y : i ! £ 780.0 £1.775.0 L7800 SCALE 17> 20
T Er77507 s Ko £L1720 £ 7770
L 775 £1.777 -
. UPSTREAM gt | EL %50 DOWNSTREAM
PILLWAY (BREST EL.76L0 | 2.0 |
70k EPULE LRES 610 . £L762.0 < (e £ 2570
: s o EL 7520
EL 7428 : P {\\* | >
= " ~" s x ~ i
|§74o- |_£4 7372 o // @00 (\\\ ! 5.0, \\ [,
.- 728.0 \ : ~
2 ) - & gi_// o‘l(’ i [aEN -~ 'f-?o,é
L . -~ - of | ~ LA -
o 720 £ 7170 ; . o P 5 ~ &
= 3 JL&s 109‘2’ - N 8 Compacted | ™~ 4":‘,{. -Q%
; DS N & Ppervigys Fill ! 2, S L
w 200 % /'?'/ ot - - (L0 oo(“ ) Compocted impervious Fili e SN N o~
§7°°" bia. |4 /'?-o/ atl N ;_'-‘\'“ = i \’;> Compacted = S~ e a ™
Concrete strut £10870 g /'qody'-/ (;\@5 : - pervious Filf ~. ~ Ny
'E £1.686.0 ] s g ~ 22 ~. ~ |
esor -~ - £1.6750 £L6750 ™~ ~
- Sfop gate e ‘- Y ¥, e -~ ~ Ny 3
4= de columin . ' B
3 : gui 3.0 gt 7 N2 v Rock Fitl (fone A) ™~ ~3
. L. ~ J
See0 £1,6570 b P T Existing ground cucfaoce ey ™~
g Holl | e (Assume T hedrock 577300 - Ny
& lmansifion ) Ei 6470 - V2SS %2 N7 -
[ e Gage : 35 NZ N Np
640 (i - T~ .
et |ezeeros L7 5
£LE27.0 STRUCTURE £1.6300 ‘%
______ i . i ol
620k Line a’r.'."!fﬁg(\L\, P
4 HATE LHAMBER 2 4
— 3
= Heodl
GO0 _g
JAN =
P R S —_— 1
580+ of pigr—/2El $750 Y10 dia. funnel
T S T P I =
- | . (.\A
g o &,’,f‘_% % N‘; . g 20 fransition ___l§ A 7
860 g% 3 a2 &
& =8 5 i & o , | ; | . | . | . o Es
5 1 1
5+60 6400 7+00 8+00 9+00 - 10+0G 11+00 12+00 i3+00
) z , ¢ Ouifet works NOTES: )
z PRCFILE ALONG ¢— OF QUTLET WORKS = 0 : Fristin e For Generol Nofes apelying fo this sheef sce Sheet F
C 6401 = 1. _/— g 9'—;'"’ All concrete in inlet and dutled channel lining sholl
g SCALE V- 20 e R surfoce = be paid for wnder ltem No. 2B
. ¥ ; o Al concrete from Sfa. 5+ 25 fo Sta GHIN25 shall be
- _ : R s il PR et paid for wnder Item No 29
“ 6200 Existi o £ " ' T3 . A ""—'H\. profection RN All concrete frorm Sto. C+/L 25 fo Sta 6r76 ond fo
= xsring ground surrace N s o BEEETETY i 5 Ny EL 6310 shall be paid Fir under ttem No. 3Z.
-  BOL 7 N K Rock Evcavafion /Assumed bedrock Alf concrete in intake tower bdetween FILE3IL0 ond ELII547
6— 3 - i } —_ i H i | @apm suf surface skall be poid for under /tem No. 33 6
g oo fop of rack cui | ! | o Note: £ 16409 Atf concrele in intoke Tower obove E1.T7517shall be pord
- ' ! £ similar, except for wnder /fem No. 34 )
i - o : ) ) 7603/
ut — Assumed bedrock Crannel v 25 noted on plons Al concrete in tunnel befween Sto.
€ el LS, surfoce £ 57RO (ox l i [ £ STA. 5+00 ond Sto 1drdd sholl be paid for under [tem No. 30,
=z i PR i £ ; . - et = 2~ e All rock excovdtion-open cut-shall be pord for under
z W VA VAR % L Hem No. 5.
& g iﬁOuHe. works All rock excavotrion - tunnel between Sto. 6466 and Sig.
S 560} B INLET ©£HANNEL l4rd0 shall be pard For wnder Hem No. 6.
2 | 1 ] | 1 1 @)b’mﬁissf'ﬁad Fristi o Alf concrete in tunnel fransition befween Sfa. 6+7 ond
hu . s —— P risting grou:n Sta. 746081 skall be poid For under trem No. 3/
3 N excavation, general f i
[T 2+00 3+00 4+00 5+00 60 gxeovalion, generalz surface Alt unclossified axcoy axcept barrow shall be paid for under Hfem No.3. | o
7 =
2
-1 P
“ eeof ™ GRAPHIC  SCALE 3rock 3lope 7B | 728-LE| Sheel Tornel lining and renfarcement delefed. %_
> % e protection | D |6-B-cx[sreer Tnnel fining exlendsd 1o 5ta. 13484 | - ]
“ % 2 ] 20" 40" REIVIHON | DATE DESCRIPTION n
Y e
el 1® T STA. 3+00 620 LLS. ARMY ERGINEER DXVISION, NEW ENGLAND
w 2 & SEALE 17w 207 CORPS OF ENGINEERS:
> E _14 L WALTHAM, MASS.
2 . 3 2Top of earth cuf
“ & : ES . _lgan CONNECTICUT RIVER FLOOD CONTROL s
1~ 00|« kN QUTLET R ; d Dr_ nw —
&1 5“5 T 2 3 - . ceard Lrawing er....]. COLEBROOK RIVER DAM
3 1 3 NN - .
: < F] £[ 5900 by Assumed "=~ __ g LEvisting greund surfoce ~—  |Contract No.DAIS-0IB-CIVENG 6. 212 ) | O Caval | ST OUTLET WORKS
T saoF [/)-.’0'0'."0. Fl 573.0 Channel £i. 5720(max) i i ‘_gl bedrock surface Tt “.\ -9 P ) PROFILE AND SECTIONS
z e [ 5-0.0025 -~ | » N i S S — —r—r—v — | LY, Moo LWEST BRANCH-FARMINGTON RIVER CONN. & MASS,
2 Sta a0 | [ ' : 1ZRZ N e e m—— = —— - P | BT 2 B AN, 1965
3 A\ M v Frock siope I ‘ ; —
% 860 - N protection [N} SCALE §=20 | SPEC. NQ. CIV, ENG. 19:018:65-25
w [ i AN Ry Sla.rr8d i i | ﬁ) " 1 . [ ———
. . - CON-16
13+00 14+00 15+00 16 +00 17+00 ! 20+60 SHEET 11

AS-BUILT PLATE 3



[, ] - " .
i _ _ ; . .
///j./// — N «f
m 8 ///Z/ﬂ// = / - w
" < »ﬂﬂ////,_ /////// f\\\.d ; | @ _M
3 12 - ‘ g
5 2 AW Sy 722 ; 2 : <
—
N b Z .
R 3 z £%
S L m e W.ﬂ
- x
) 8 Sog;ii
g &3z 2%,
ﬂ u w o TEFE
o 1 = wmE Z . 3 -
e 7 w SEE i o
m.ﬂ = 2 ze -
- / M\ e m _..._.o._ m m w_.s..m
-7 =2 w -
5 B & oE3
-4 = r I3
~ =3 g M
bt « %3
z 144
= m
3 a
Wi
=
(L .
3
{
T = ul g
—nOn 1 m=
Lo !
8 7 o
[ MO
XY I
o _.‘ &
x
-f
T |8 :
: 2
" T
l I'
3
=
-]
[
[ -3
u
8 Ny 7/ g
wi
|
o OOOOEEN
g iz
& %
He
% 3
L m Y |0.
pa] ; o
2 / i
o o L a
N ‘ ®
i .
! [=
/ 3
>+
[ B eemesti
7
_ -
e
™.
o N
©| \
... ﬂ
= 1]
oy <o) J_ } -.m
wi—
i 1; T ~—alq"
Il ¥/ 4 «
eI /! =]
(= I / x|T
= A &
“lx L o
ar Rl
= ik < b
ol L __\,,\\.\.\\m.‘ L \{Tc Nz tﬁ..,t“.
__ZN R > o Ty GO ZEbN
#F ‘
bt
o NN, - T
8
LN
<
<] >, S
LAt g I
) =1 a -I|||P _
g < S
|
F|
x|m mm “» / S|
x{= =[3 Q iy \ ///.
M & =|2 oy © I ANA\RT
= Iy 2 by M
,Hum = A a.m Py
L ool Sls8 U T —
TSEB I <|53 NI
1 S | W
1 3
.Hluwau.lIQHln v &
| [~ =lts
et Sy <] 3z
h il 4 w M.m
. — [
= *3 T T AR ETE N
= »e| 5 & T X BOUSEYN
- Om.. \
S glit
- S
]
=
o
<] O
g -
z
m .
o
T

1
2

1 |
~ ©



CORPS OF ENGINEERS

1

3+

Tt
B

:

TOLLAND

0.000

i N444.000

ROUTE 8! RELOCATION

LD FISHERMAN

ACESS AREA

o

SANDISFIELD

SRAPHIC SCALE

200 ] . 1000
1" . 500" Eé

LITCHFIELD €O,

HAMPDEN CO.

g8

£

&5

i
-4
-5
-
.7

CONNECTICUT RIVER FLOOD CONTROL -1
-8

PUBLIC MSE PLAN
RESERVOIR MAP
WEST BRANGH FARMINGTON RIVER, CONN. B MASS.

DEFARTMENT OF THE AmMY
NEW ENGLAND DIVIStON, CORPS OF ENGINEERS
WALTHAM, MASY MARCH WO
SCALE 43 3WOWN

PLATE 5



The outlet works consist of a control tower with a gate chamber and
operating room on the upstream side of the dam, and a 10-foot diameter
discharge tunnel which passes through the dam's foundation and empties into
the West Branch Reservoir at the downstream toe of Colebrook River Lake
Dam. The gate structiure contains three (4x8 feet) hydraulically operated
vertical slide gates used for regulation purposes, with each gate having an
emergency back-up gate. A monorail hoist and stop~gate are provided for
emergency closure in case both service and emergency back-up gates malfunc-
tion, The invert elevations of the intake and outlet ends of the tunnel are 575
feet and 573 feet NGVD, respectively.

The authorization for the reservoir provides storage for flood control,
water supply and fish conservation purposes. The storage capacity totals
97,700 acre-feet when filled to spillway crest elevation 761 feet NGVD., A
summary of the reservoir storage and corresponding water surface elevation is
shown in Table 2,

Colebrook River Lake Reservoir is open to recreation on a limited basis
only. Recreational activities related to fishing are allowed during the fishing
seasons of Massachusetts and Connecticut. All other forms of water-associated
recreation are prohibited in the reservoir by State of Connecticut law, because
reservoir impoundment includes storage for municipal water supply. Picnicking
is not allowed on lands surrounding the reservoir; however, these lands are open
to public hunting and hiking. The boat launching area, completed in December
1969, consists of two boat launching ramps, parking area and mobile comfort
station.

Water Rights

The Farmington River, as shown on Plate ], is an important source of
domestic and industrial water supply for communities both inside and outside
the basin. Services are provided principally by the New Britain Water Depart-
ment and the Hartford MDC. The latter, a municipal corporation created by
the Connecticut State Legislature, supplies the water needs for areas lying
almost wholly cutside the Farmington River watershed namely, the city of
Hartford and numerous nearby towns.

Due to the extension of this service to other communities and to keep
pace with industrial and population growth, the Hartford MDC has developed
two substantial water supply reservoirs in this watershed: Nepaug Reservoir on
the Nepaug River and Barkhamsted Reservoir on the East Branch, In addition,
the Hartford MDC operates two compensating reservoirs designed to regulate
low flows for the benefit of existing riparian owners as compensation for the
right to divert water out of the natural stream courses for water supply
purposes.

The first compensating reservoir to be constructed was the East Branch
Reservoir which is no longer used for stream regulation because of the con-
struction of Barkhamsted Reservoir (Saville Dam) for water supply purposes.
However, limited capacity is available for reserve storage. The second
compensating reservoir is the West Branch formed by the James Goodwin Dam
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{formerly Hogback Dam). The former:is located alongi?the;anst«-Bra.nrc:.h-:tof--the_
Farmington River, and the latter on the Wést Branch with.its dam situated
downstreéam of the Colebroock River:Lake Reservoir.. Currently; operation: of
the ‘Wést: Brazich Reéservoir-is. primarilyfor stream regulation putpuses:: During:-
its"development stage, certdin‘agreements were entered into: with riparian mill "
owners ‘and ‘others to compénsate for the impact that-West:Branch:-Réservoiri
would have ‘on‘the Farmington'River.” Today; those-agisements arerbéing:s
hotibred with flow releases made on the Wést Branch ofthe-Farmington River:-
in- Colebrook ‘Connééticut at either thé Goodwin Damror-atithe:Colebrook ™
Rwer Lake Dam, which are jointly and respectively:controlled:by the-Hartford:
MDC and theé Corps‘of Engineeérs.

Under endbling legislation; the Hartford MDC mustiteleaseratotabof:
66,600 ‘acrésféet (21,7 billion: gallons) of water annually:fromrbothireservoir:
complex systéisy with’53,400' acre=feet (17.4 billion gallonskreleased-betweenr.
15°"May ‘arid3} Octobér. Also, the-complex systems cansimpoundronlysthose~
inflows in' ‘excess of 150 cubic feet per second (¢fs)-and must maintain-minimum::
outflow of 50 s

As briginally planned; the West Branch Reservoir was also-considéred-as:a:.
diversion project whereby flows in-‘excess of ‘those reguiredifor:downstreanm:
rlpanan relédses would -be subsequently divertedto-Barkhamsted-Reéservoiri.
BRiwbild be accomphshed by a tunniet of whichenly asshort léngthn
hag alreadfr“:béen constrictedias part of the:GoodwintDamroutlet works struces-
ture.  The réfaining construetion phase’ would bercompléted sometime in the:
near ‘future wheti“the need for' doméstic water. supply becomes areality:.

Thé: ‘contract’agréement ‘hetween the Federal Government and‘the.Hart+-
£Ord MDC for allocated watér storage space-for requived releasas-at - Colebrook:
Rlver-‘ Lake 'Reseivoir is included-as Appendix D. - Twototherroutstanding.
ripa¥ian ‘agreements between-the Hartford MDC and vatrious:mill'owners;. public:
utilities; and’ Alhed Connecticut- Towns; Inc. are-appentded; respectivelyy as:
Appendlces E'and'F, Also, a copyof:the Conniecticut Statesstatutes governingy
the'powers of the Hattford MDC regarding.water:is included as-Appendix:G.

ENVIRONMENTAL SETTING
Topography.

The ' Farmington River Basin is-oriented in a northssouth:direction.with: a:
maximum®lefigth'of 46 miles‘and ‘a maximum width:of'29'milés.. ThHesupper:
portion“of the watérshed extefids into the high hills of northern Connecticut.andi
southérn Massachiisetts; while"thelower portion.is:located in:the:Connecticut:
1owlatidsi- From Farmington;- :Conhecticut to its:confluence:withithe:Connecti--
ciit-River, a-distance of about 35 miles; the: Farmington:River flows:ih a gen~-
ei"al'no':?théfly course through well developed flood plains... Above:Farmington;:
the'river vaIley i§'steeper and the hills higher. Watershed elevations'range:
from 10 feet NGVD at the mouth of the:Farmington: River;.to 2180i feet NGVD"
near” ‘Becket Motintain, Massachusetts in the northern headwaters:of the. Weést-
Branchi
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The West Branch Farmington River watershed, in the western highlands of
Connecticut and Massachusetts, is a rugged, maturely dissected upland of
moderate relief, It is a region of rough, irregular hills and ridges with
relatively deep, steep-sided valleys. Glaciation has modified the rough topo-
graphy by rounding and smoothing the crests of the hills and ridges, steepening
some of the valley walls and filling the valley bottoms. Elevations within the
immediate vicinity of the Colebrook River Lake Reservoir range from 570 feet
NGVD at the dam to about 1300 feet NGVD at the top of the adjacent hills and
ridges. A high percentage of the area is wooded and five state forests are
located within 10 miles of the dam.

CGeotechnical Features

A thin veneer of glacial till covers the hills and ridges of the entire study
area, between extensive areas of exposed bedrock, Till also occurs locally in
the valleys but generally the valleys are filled with outwash materials, mostly
sand and gravel, which form relatively wide, flat flood plains and extensive
terraces along the lower valley slopes.

When not masked by overburden, numerous and persistent outcrops of
bedrock are found along the flanks of hills and in stream channels. Bedrock in
the area consists of a Paleozoic metamorphic and igneous sequence, primarily
gneiss with some schist and granitic intrusions,

Climatology

Annual air temperatures in the vicinity of the project average around
45°F, Monthly averages range from about 70°F in July to 23°F in January.
Temperature extremes in the region have ranged from 102°F in the summer to
-29°F in the winter. The Colebrook River Lake area can experience freezing
temperatures from the latter part of September through the latter part of May.

Annual precipitation averages about 45 inches and is fairly uniform
throughout the year. At Barkhamsted, Connecticut, 6 miles south of the pro-
ject, variations over a 47-year period ranged from as low as 29 inches to as high
as 68 inches, as indicated in Table 3. Much of the winter precipitation in the
region occurs as snow with average annual snowfall ranging from near 80 inches
in the headwater mountains to about 40 inches in the lower areas. Snow cover
over the Farmington River Basin usually reaches a maximum depth about the
first of March with an average water equivalent of approximately 2.5 inches.

Aquatic Ecosystem

As indicated earlier, the Colebrook River Lake project is located on the
West Branch Farmington River and encompasses portions of both Connecticut
and Massachusetts. In Massachusetts, the stretch of the river within 1,000 feet
of the state line is rated Class A by the Massachusetts Water Resources Com-
mission and, as such, is designated for use as a source of public water supply.
Upstream from this reach, the river and its tributaries are designated a Class
B, cold water fishery. From the state line downstream to Goodwin Dam, the
river is designated Class AA by the Connecticut Department of Environmental
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TABLE 3

MONTHLY. PRECIPITATTION TIN INCHES
BARKHAMSTED, CONNECTICUT
(47 years of record through 1978)

Month Mean Maximum Minimum
Januvary 3.50 . 9.35 0.68
February 3.18 5.87 0.78
March 3.96 10.06 1.15
April 3.90 6.96 0.81
May 3.77 7.31 0.74
June 3.97 12.72 1.02
July 3.62 9.27 1.49
August 4.05 25.70 0.73
September 4,34 11.21 0.63
October 3.55 13.86 0.25
November 4.23 7.59 0.83
December 4.16 10.24 0.71
Annual bh.2 68.6 29.1
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Protection (DEP). Class AA waters are existing or proposed drinking water
supply impoundments and their tributaries. From Goodwin Dam to the conflu-
ence with the Still River in Riverton, the river is designated Class A and from.
that point to the confluence with the East Branch Farmington River, the rating
is Class B,. Class A and B_ waters in Connecticut are both designated for cold
water fisheries including spawning and growth. The criteria associated with
each of the five classifications vary considerably. However, in general terms,
the standards are stringent and are designed {o protect the existing and future
beneficial uses of the water resource.

There are no known waste discharges to the West Branch Farmington
River in Massachusetts, and the Massachusetts Division of Water Pollution
Control has reported that, as of 1978, water quality conditions meet the Class A
and Class B requirements of the respective reaches. Data collected by NED at
the old Route 8 bridge about 2.5 miles upstream from the state line corroborate
this finding with a few exceptions: nitrogen levels are relatively high, but
phosphorus is usually below problem levels; the water is highly colored; the pH
is often below 6.5; iron concentrations are frequently above the limit for
drinking water; zinc is frequently at levels that may be dangerous to sensitive
aquatic life; and mercury was twice measured at very high concentrations.

No water quality data have been collected within the Colebrook River
Lake impoundment and, since the discharge from the lake is submerged by West
Branch Reservoir, no discharge water quality data are available either.
Consequently, no definitive statements concerning water quality conditions can
be made, however, the Connecticut DEP considers both impoundments to be in
consonance with their Class AA standards. The same is true for the down-
stream Class A and Bs reaches of the river.

The Colebrook River Lake has a capacity of 97,700 acre-ieet, corre-
sponding to a spillway crest elevation of 761 feet NGVD. Of this amount,
50,200 acre-feet are allocated to flood control with the remaining 47,500
divided between water supply {41,500 acre-feet), fish conservation (5,000 acre-
feet) and dead storage and sedimentation pools (1,000 acre-feet). Flood control
storage begins at elevation 708 NGVD. The area capacity curves for the
Colebrook River Lake Reservoir are shown as Plate 6 and the capacity table as
Plate 7. The West Branch Reservoir holds an additional 8,500 acre-feet of
water supply storage behind the James Goodwin Dam, at a spillway crest
elevation of 641 feet NGVD. The capacity curve is shown on Plate 8 followed
by its capacity table as Plate 9.

As previously noted, the water supply storage at both the Colebrook River
Lake and West Branch Reservoirs is used principally for regulation of
downstream low flows for the benefit of riparian owners as part of the
compensation for the right to divert water out of the Farmington River Basin
for water supply purposes. The Hartford MDC, which controls this storage, is
required to release 66,600 acre-feet of water from its system of reservoirs in
the basin each year, with 53,400 acre~feet released between 15 May and 31
October. Also, the West Branch project is permitted to impound only those
inflows in excess of 150 cfs and must maintain a minimum outflow of 50 cfs
through the dam. Release of water from the fish conservation pool is made in
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accordance with instructions from the Fisheries Unit of the Connecticut
Department of Environmental Protection (DEP). In all cases where requests by
the Hartford MDC for releases to meet dowstream riparian or minimum
streamflow commitments occur simultaneously with fish conservation flow
requirements, the releases are first charged to the Hartford MDC storage.

The annual operation of the Colebrock River Lake/West Branch Reservoir
complex comprises the filling of storage during the winter and spring runoff
period, followed by an empiying of storage for flow angmentation during the
summer. During the winter and early spring, the pool level at Colebrook River
Lake is maintained at or below elevation 708 NGVD. The West Branch Reser-
voir is kept almost constantly at spillway crest elevation 641 NGVD. At the end
of the snowmelt season, an additonal 5,000 acre-feet of flood control storage at
Colebrook River Lake is utilized, when there is sufficient runoff, to store the
runoff which is used to augment releases for downstream fisheries. This tem-~
porary infringement on the flood control storage is not used beyond June 30,
which is considered to be the start of the hurricane season,

During the emptying of storage in the summer the West Branch Reservoir
is normally maintained at spillway crest, while Colebrook reduces . its volume of
water considerably, reducing the size of Colebrook River Lake significantly,
especially in dry years, In the past years, the West Branch Reservoir pool level
has been considerably reduced due to withdrawals. In the fall of 1980, water
levels reached approximately elevation 620 NGVD before being further drawn
down to see how the reservoir would look at elevation 610 NGVD, for use in the
current study.

Significant utilization of flood control storage at Colebrook River Lake
has occurred 13 times since operation began in 1969. The highest storage on

record reached an elevation of 739.8 feet NGVD in July 1972. About 53 percent

of the storage capacity was used in this event, which is equivalent to 4.4 inches
of runoff.

Annual maximum and minimum pool stages at Colebrook River Lake, by
water year, for the period 1973 through 1980 follow:

Year Maximum Pool Minimum Pool
1973 739.8 633.3
1974 718.7 635.1
1975 721.1 646,3
1976 717.9 . 661.8
1977 722.0 632.4
1978 718.8 627.7
1979 729.6 611.5
1980 720.0 615.9

During significant flood storage pericds the rate of drawdown of
Colebrook River Lake Reservoir is normally in the range of 2 to 3 feet per
day. Flood releases are controlled by NED Reservoir Control Center, in full
awareness of downstream conditions. During the summer, in the interests of
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\ N
CAPACITY TABLE
COLEBROOK RIVER LAKE RESERVOIR
STORAGE VOLUME IN ACRE - FEET
ELEV.

(FT., NGVD) 0 ] 2 3 4q 5 6 7 8 9
570 100 120 140 160 130
580 200 240 230 320 360 400 4o 430 520 540
590 600 660 720 780 840 900 580 1,060 1,150 1,220
600 1,300 1,440 1,580 1,720 1,860 2,600 2,200 2,500 2,600 2,860
610 3,000 | 3,200 3,500 3,600 3,80 | 4,000 | 1,200 | 400 | 4,600 | 4,800
620 5,000 5,200 5,400 5,600 5,800 6,000 6,220 6,440 6,660 6,380
630 7,100 7,43k 7,768 8,102 8,436 8,770 9,106 9,hh2 9,773 | 10,11k
640 10,450 | 10,813 | 11,176 | 11,539 | 11,002 | 12,265 | 12,655 | 13,046 | 13,537 | 13,828
650 1,219 | 14,638 | 15,057 | 15,877 | 15,896 | 16,316 | 16,762 7,208 17,654 | 18,100
660 18,557 | 19,020 | 19,405 | 19,970 | 20,h4s | 20,010 | 21,423 | 2ie07 | 22,431 | 22,935
670 23,440 | 23,970 | 24,500 { 25,030 | 25,560 | 26,000 | 26,646 | 27,202 | 27,758 | 28,31k
680 28,871 | 29,458 | 30,045 30,632 31,219 31,807 32,427 | 33,047 33,663 | 34,283
690 34,009 | 35,562 | 36,216 | 36,869 | 37,523 | 38,177 | 38,864 | 39,552 | ho,2390 | 10,027
700 41,615 | 12,336 | 43,057 | 43,778 | Lk,ho9 | 45,200 | 45,971 | 46,722 | u7,h73 | 48,22k
710 - || us,015 | 49,758 | 50,541 | 51,32k | 52,107 | 52,800 | 53,703 | 5h,526 | 55,345 | 56,163
720 56,982 57,837 | 58,692 59,547 | 60,402 61,257 62,156 63,055 63,95k oh, 953
730 65,752 | 66,669 | 67,586 | 68,50k | 69,421 | 70,330 | 71,302 | 72,265 | 73,208 | 74,101
740 75,155 | 76,156 | 77,158 | 78,159 | 79,161 | 80,163 | 81,203 | 82,243 [ 83,283 | 384,323
750 85,363 | 86,150 | 87,537 | 88,62k | 89,711 | 50,799 | 91,9k1 | 93,084 | oh,227 | 95,370
760 96.513 | 97,717 | 98,921 | 100,125 | 101,329 | 102,533 | 103,800 | 105,067 | 105,334 | 107,601
770 108,869 | 110,195 | 111,522 | 112,840 | 114,176 | 135,503 | 116,80k | 118,286 | 119,673 | 121,070
780 H 122 462 | 123,917 | 125,372 | 126,827 | 128,282 | 129,757 | 13,05 | 132,770 | 13%,283 | 135,505

GATE INVERT ELEV. 575.0

SPILLWAY CREST ELEV. 761.0
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CAPACITY TABLE OF GOODWIN DAM

(WEST BRANCH RES)

(DOWNSTREAM OF COLEBROOK RIVER LAKE)

6 ILVd

CAPACITY IN ACRE - FEET
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 08 0.9
641 852z _ 1 | R | _
€40 | ss¢8 | 830 | 83gs | 8403 | gyz; | 8440 | sess | geyy | S495 | 8513
639 gir76. | 8185 | groo | 8219 8227 264 | 8274 Sagz 1 8310 4 8329 ]
638 7998 | 8013 | goz9 |  B8o47 8062 808 | 8996 | 874 | 8133 | 3{5: B
637 7432 TEET. | T8e3_ | T8I 7897, | 791s. | 7930 | 7949 1 116t | 798 ?:m_
€36 7669 _| 7695 _| 77100 | TUS 7734 | 7749, | 7768 7783 | T80t | 78¢7,
635 | 753 | 7528 | 7syq | 7559 7574 7593 | 7608 | 7423 | 7439 | 7654 ]
634 7356 _| 7372 | 7387 | 742 7420 | 7436 | 7952 | q4e7 | 1482 | 7#i%
€633 TZoo | Tzis | 7231 |  T24& 7744 7280, | 7795 | 7350 | 7326 | T3¢ |
632 | 7o%z | 7059 | 7074 | 7089 2198 | 7123 7138 nséd | 7164 | 1185
63| cse7 _| 6702 | 6918 | 6936 | 495/ | 6967 6982 997 | 7013 | Te2s |
630 (730 | 6% | 47l | 4776 6795 810 | 4325 | 4g¢) | 4856 | 687N |
€29 6E57¥ | 6589 | 44py | 6620 & & 35; 465 H# 6667 | _ 4484 | 4700 | 4715
628 | s#7 | o933 | avys | 6463 6482, 6497 | 6512 | 4528 | é5¢3 | (558 ]
€27 | ¢z2e/ | 6276 | ¢29r | 4307 | e3zz | 434/ | 4356 | 437/ | ¢387 | 4oz |
626 6117 | 4129 | er4/ | b/s& 6/72 G184 | 6199 | wzis | 4230 | 6245
62935 5975 | 5988 | 4oeoo | 40/5 6028 | 4040 | 6055 | 4o7o | so%¢ | eres |
624 $€37 | 5850, | 5842 | 5877 5892 | $905 sa7 | s932 | S9ys | %o |
623 5702 _| &7/4 | 5729 | 5747 5757 | %770 | 5782 | 5994 | 5867 | 582z
€22 | 5570 | co83 | 5595 | Fe/0 | sézz | 5635 | s4s0 | e40o | 5078 | Se90
621 59/ | 5454 | S4¢e | 548 5¢9¢ | £506 5521 | 5533 _| SEY | £55%
620 53/6 | £z28 | s340 | 5382 53¢5 | 5377 5387 | s4er | S4i4 | 426
619 5193 | s2es | s217 | £Feze | 5’242% | %28% | 52066, | 5299 | sz9t | 5303 |
618 sore | $98: | go9s | Flo7 5719 573/ Si##¢ | s15¢ | Situg | £180 |
617 | Y994 | #4456 | 4969 | I8/ | 4993 5009 502/ | s5p33 | so04s | 5058 |
616 | 4927 | 433 | 4qegs | 4958 | 427/ | 48ss 4895 | w490y | 4720 | #4932 |
615 | ve99 | 4711 | 4723 | ¥73¢ 4748 | 4760 4772 | 4785 _|_ 4797 | 4807 _
614 yeyz | 4585 | dsyy | Hiso 4612 | 4634 | 46so 442 L werd | 4486
613 sG] | #45T L gy A L deag 1517 | 452y | 4535 | 4S84 | 4Ll
612 | /32 | 9955 | 4346 | 4358 | f370 | 9330 | 4299 | gy | dgzz | 4435 ]
611 | was | #2038 | Y220 | 4235 | 4297 | 42eo | 427z | a4 | dza7 | #309 |
610 yo73 | 4085 | gop7 | #/09 dizz. | 4134 | 44 7158 | 4174 | #/83 _
609 3953 | 374z | 3974 | 3987 2999 “o1/, | 4023 | wyosy | 4o4s | #0so |
608 | zg3¢ | 3845 | 3853 | 347 3879 3891 | 3904 | 39/4l | 3928 | 394/ _
607 3720 | 3729 | 374/ | 3753 37¢3_ | 3775 3787, 3799 3812 | 3824 ]
606 2002 | 34/5 | 3429 | Z2uHo 3¢52 304/ 5074 | 2636l | 3495 | 3707 _
605 2484 | 3%9¢ | 3sep | 3520 3529 _| 3542 _| 3554 _| 3544 _| 3578 | 3591 |
604 2270 | 3379 | 2397 _| 3%0% _| 3444 | 3425 2437 | zyco | 3442 | F474 ]
603 3zg% | Széz | 3275 | 3287 | 2299 | 3308 _| 232/ _| 3333 _| 3345 | 3357 _
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the downstream fishery, the gates at Goodwin Dam are operated to release
cooler waters from the lower levels of the reservoir to offset the warmer
waters passing over the spillway.

The Farmington River is an important part of the Connecticut River
Restoration Project for the anadromous Atlantic salmon (Salmo salar) and
American shad (Alosa sapidissima). Salmon can be found at the downstream toe
of Goodwin Dam, while shad usually range as close as Collinsville, about 13
miles downstream. The Farmington River is stocked by the Fisheries Unit of
the Connecticut DEP with the native eastern brook trout {Salvelinus fontinalis),
rainbow trout (Salmo gairdneri}, an introduced western U.S. species, and brown
trout {Salmo trutta), an introduced European species; 54,000 of these fish are
put into the river annually. Carryover populations of wild brook trout still
exist, but the majority of fisherman's take remains hatchery bred individuals.
Approximately 5,400 rainbow and brown trout are stocked in Colebrook River
Lake each year, The Massachusetts Division of Fisheries and Wildlife also
stocks trout in, and upstream of, Colebrook River Lake,

Colebrook River Lake also contains the normal range of warmwater
species, including brown bullhead (Ictalurus nebulosus), yellow perch (Perca
flavescens), pumpkin-seed sunfish (Lepomis gibbosus), bluegill (Lepomis
macrochirus), largemouth bass (Micropterus salmoides), rock bass (Ambloplites
rupestris), and white sucker (Catostomus commersoni).

Terrestrial Ecosystem

With the exception of the dam and reservoir area, which has been cleared
of trees to an elevation of 718 feet NGVD, the lands adjoining the reservoir are
thickly wooded. Below the tree line shrubs, grasses, rocks and boulders sur-
round the shoreline.

The forests in the vicinity of the prcject are primarily of the dense
second-growth deciduous type. Common hardwood species include yellow birch
(Betula lutea), white birch (B. papyrifera), black birch (B. lenta), sugar maple
Acer saccharum), red maple {A. rubrum), red oak {Quercus rubra), hickory
(Carya, sp.) and tulip-tree (Liriodendron tulipifera). Scattered hemlock (Tsuga
canadensis), balsam fir (Abies balsamea) and white pine {Pinus strobus) can be
found in the hills and valleys. Other coniferous trees include spruce (Picea,
sp.), northern white cedar (Thuja occidentalis}, red cedar (Juniperus virginiana)
and dwarf juniper (J. communis). A variety of common northeastern ferns,
shrubs and wildflowers occur in the understory.

The forests serve as habitat for a variety of resident and migrating
wildlife. White-tailed deer (Odocoileus virginianus) is the only “big game"
species. Other species native to the area include cottontail rabbit (Sylvilagus
transitionalis}, gray squirrel (Sciurus carolinensis), raccoon (Procyon lotor),
muskrat (Ondatra zibethica}, mink {Mustela vison) and beaver (Castor
canadensis). A variety of typical northeastern small mammals, birds, reptiles
and invertebrates also inhabit the vicinity of the project.




‘Threatened and Endangered Species

Currently, there are mo Federally listed threatened. oxan-dangereﬁ species
known ‘to occur in the project :area (178, Fish and Wildlife Service, personal
communication). However, the spreading globe-:;flawer (Troliius Taxus), which iis
expected to be repropoesed for the ‘threatened list in the near future, has heen
found as.close .as Canaan, Connecticut, abeut 5 miles ito ithe west .of :Colebrook
River Lake. It :should be looked for in calcareons wet .areas.

Recreation and Natural Resources

The Colebrook River Lake, .of about 760 :acres-with a full water supply
and #fish conserwation pool, but experiencing annual drawtewns of wpto 100
feet, still providesan excellent fishery and is heavily stocked by toth the
Fisheries Unit :of the Connecticut DEP .and the Massachusetts Division of
Fisheries :and ‘Wikdlife. Fishing accounts For dbout 14,000 wisitor days of
‘recreation eachyear at this project, compared to :about 6,000 wisiter days
annually for-all.other recreational activities combined, not including .sight-
seeing. Aceess ito the lake ds provided.at two points: the Colebroek River fiake
‘Boat Launching Area adjacent to Route 8, shown:.on Plate 4, which accounts for
about 60 percent ©of :all ‘fishing ‘aceess o the lake; and the Sandisfisld Fisherman
ccess Area @t tthe morthern .end of the project off the former Route 8, shown
onPlate 5. The :Colebrook River Lake Boat Lauching #Areathas parking for 74
cars and itrailers :and iis .capdble of serving a pool fluctuation .of 75 feet. The
‘Bandisfield Fisherman Access Area has limited, informal parking and:no boat
ramp, but issuitable for .car top boats at ‘high pools, between ¢levations 708 .and
125 feet NGVD.

‘Histonic :and Ar chaeclogical Resaurces

The Farmington walleyiin the vicinity .of Colebrodk River lake probally
-served asa travel route and foraging :area for prehistoric peoples, out it
-appears unlikely that :any ‘major settlement -occurred within ithe present reser—
vair bounds. At the time:of dam construction in 1965, .evidence .of a possible
:prehistoric site was found slightly .north of ithe Spencer ‘Bridge, iin .an .area-now
below :the minimum pool. This area was:among those used for horrow duning
construction, and dhe site hasbeen ohliterated.

‘Historic-occypation:of the project area began in:the late 18th .century, but
‘most settlement was associated with ithe 19th century development :of the small
manufacturing -center .of :Colébrook ‘River. ‘Most of the cellars and -other fea-
dures.of ‘buildings below .glevation 708 NGVD -were vintually obliterated by con-
struction.activity :asspciatefl - with:the West Branch Reserveir and:Colebrook
‘River Lake project.areas, or by 'heawy erosion resulting from- podl fluctuations.
{Ogcasional large foundations wemain:in; part:a.lly -Gisturbed condition, :Historic
sites:dbove .elexation 708 NGVD are general}y in much hetter .condition, .as
:dense wegetation en those sites:prevents erosion and deters damage from bottle
fhunting.ar .other forms.of vandalism. (One mill site and six dwelling sites with
-outhuildings havebeen identified between elevations 708 -and 761:feet NGVD.
"The majority of these are 19th century in.construction, but.all .were-occupied
into the 20th century. None of these have been inundated by fleed control
;pools more than'three timesin the past.
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Sociceconomic Resources

The region encompassing the Colebrook River Lake and West Branch Res-
ervoirs is sparsely settled and rural with a high percentage of wooded area.
The towns in the immediate vicinity rely heavily upon small industry as a
source of employment. Together the towns of Sandisfield and Tolland, Massa-
chusetts had a population of slightly over 700 people according to the 1970
census, The town of Colebrook, Connecticut had a population of slightly over
1000 people in 1970. Between Colebrock and Winsted, Connecticut, along Route
8, there are a number of small industrial parks which employ area residents.
Dairying, lumbering and manufacture of wood products play a smaller economic
role for the people residing in this region. The Colebrook River Lake project
provides increased safety along the Farmington River downstream of the reser-
voir, in terms of flood protection.

Future projections indicate that the population of the region will
increase, but at a slow rate. Also, additional industrial facilities may be built
on developable land around this area due to the flood protection afforded by
Colebrook River Lake. With the number of state forests around the Colebrook
River Lake area and the number of outdoor recreational opportunities enjoyed
in this area, large scale industrial or residential development is not anticipated
in the foreseeable future. Rather a slow, steady increase in recreational
activities on a year-round basis can be expected.
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Formulation of Alternatives

HYDROLOGIC CHARACTERISTICS
Watershed

The Farmington River, the fourth largest tributary area to the Connecti~
cut River, is located in southwestern Massachusetts and north central Connect-
icut. The watershed lies within the counties of Berkshire and Hampden in
Massachusetts and Litchfield and Hartford in Connecticut. Elevations in the
watershed vary from 10 feet NGVD at the mouth of the Farmington River, to
2180 feet NGVD near Becket Mountain, Massachusetts in the northern headwa-
ters of the West Branch Farmington River. The upper portion of the watershed
extends into the high hills of northern Connecticut and southern Massachusetts,
while the lower portion is located in the Connecticut lowlands.

The Farmington River, with a total drainage area of 609 square miles, is
formed by the confluence of the West Branch and the East Branch Farmington
Rivers in the northeast corner of New Hartford, Connecticut. Other principal
tributaries of the Farmington River are Salmon, Hop and Cherry Brooks; the
Pequabuck and Nepaug Rivers; and numerous smaller streams. A summary of
the principal streams, their drainage areas and river mile location, in an
ascending order follows:

TAELE 4
PRINCIPAL STREAMS - FARMINGTON RIVER BASIN

Drainage Area Miles From Mouth of

Stream Square Miles Farmington River
Farmington River, at Mouth 602.0 - 0.0
Salmon Brook 67.3 14.3
Hop Brook : 13.0 19.5
Pequabuck River 58.4 31.3
Nepaug River 318 42.5
Cherry Brook 13.1 43.1
E. Branch Farmington River 65.8 46.3
W. Branch Farmington River 236.0 46.3

The West Branch Farmington River is the watershed of major importance
for this study. It originates at Shaw Pond on the Otis-Becket, Massachusetts
town line and flows in a general southeasterly direction for about 33 miles to
its confluence with the East Branch Farmington River. Colebrook River Lake
and West Branch Reservoirs are located on the West Branch Farmington River
at about 4 and 2-1/2 miles, respectively, upstream from the confluence with
Still River at Riverton, Connecticut, At Colebrook River Lake and Goodwin
Dams, the intercepted drainage areas are 118 and 120 square miles, respec-
tively.
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Located upstream of Colebrook River Lake in the headwaters.of the West.
Branch Farmington River is.Qtis Reservoir, with a:drainage area of 7.2 square:
miles. This reservoir, formerly owned by the Farmington River Water Power:
Company, was used to regulate flows to-downstream mills. In 1967 the-dam and
reservoir were purchased by the: Commonwealth of Massachusetts and the dam:
is now operated by the Department of Environmental Management for-lake
recreation..

As noted earlier; the West Branch Reservoir is one of four water supply
reservoirs in.the Farmington River Basin owned and operated: by the Water
Bureauw of the Hartford MDC. Two of the other reservoirs, Barkhamsted
Reservoir. and: East: Branch Compensating Reservoir, are located on-the East:
Branch Farmington River. The former has a total drainage area: of 53.8 square:
miles and the latter, located a short distance downstream, has a net drainage-
area of 7.4 square miles. The fourth, Nepaug Reservoir, located:on a - river.
bearing its name, controls 31.9 square miles.

Climate:

The Farmington River watershed has a cool semihumid climate typicaliof
the southern New England region. Average annual temperature in the: vicinity:
of the project-is about 45°F. At Hartford, Connecticut, about 25 miles south~
east of the project, monthly averages vary from about 73°F in July ta about.
27°F in January. Temperature extremes in the region vary from 102°F in the:
summer to.~29“F in.the winter. The Colebrook River Lake area.can experience.
freezing temperatures from the latter part of September to the:latter part of
May. The mean annual precipitation in the watershed. is approximately 45
inches. occurring quite uniformly throughout the year. Average maximum: and.
minimum monthly precipitation as recarded at Barkhamsted, Conmectiout,
located in the Farmington River Basin about 6.miles south of the project, are
listed in Table 3.of Section I. Much of the winter precipitation in the region
occurs:as snow with average annual snewfall varying from-near 80 inches in the.
headwater mountains to ahout 40 inches in the lower arsas. Snow cover over
the Farmington River basin usually reaches a maximum depth about the first: of
March with an average water equivalent of approximately 2.5 inches.

Reservoir Storage

Colebrook River Lake has a total controlled storage capacity of 97,700
acre-feet, with 1,000 acre-feet assigned to dead storage, 9,800 acre-feet
formerly controlled by the downstream Goodwin Dam, and another 1,000 acre-
feet replacement storage for the dam embankment volume placed. in the West
Branch.Reservoir: Therefore new usable storage created by the project is.
85,900 acre-feet. Of this new storage, 30,700 acre-feet is owned by the:
Hartford MDC and used. for downstreain riparian: flow control and: water.
supply. Another-5,000 acre-feet is.allocated to water supply for downstream.
fisheries and regulated for the Connecticut DEP. The remaining 50,200. acre~
feet-of storage; equivalent to 7.98 inches of runoff from the 118 square miles.
of watershed, is allocated to flood control. It is noted,. at present, that: 5,000
acre-feet of the flood control storage is used seasonally (not beyond. June 30) to
provide additional downstream flow for the spring shad fisheries, This results
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in seasonal infringement on the flood control pool up to elevation 713.5 feet
NGVD. Storage allocation and storage elevation data for Colebrook River Lake
are listed in Tables 5 and 6. Plan view of Colebrook River Lake and down-
stream West Branch Reservoir are shown on Plates 4 and 5. Storage capacity
curves and tables for the two reservoirs are shown on Plates 6 through 9. All
these plates appear in Section M,

Streamflow

Average annual runoff from the West Branch Farmington is about 26
inches or 57 percent of mean annual precipitation. A long term U.S, Geological
Survey (USGS) gaging station has recorded flows continuously since 1913 on the
West Branch Farmington, upstream of Crlebrook River Lake, at New Boston,
Massachusetts (D.A. = 92 square miles}). A shorter term USGS station records
flows of the West Branch Farmington downstream of Colebrook River Lake at
Riverton (D.A. = 130 square miles). Average, maximum and minimum monthly
streamflows, both in cfs and inches of runoff, for the West Branch Farmington
River, as recorded at the long term New Boston gage are listed in Table 7.

The Colebrook River Lake project has been operational since 1970,
Therefore, the 9-year hydrologic period {1970-1978) was selected for analyzing
watershed yields and the operation of the Colebrook River Lake water supply
storage for downstream riparian needs. Monthly inflows to Colebrook River
Lake were computed by applying a direct drainage area ratio {118/92) to the
recorded New Boston flows. Monthly outflows at Colebrook River Lake were
computed using inflows and monthly change in reservoir storages in the
continuity relation:

Outflow = Inflow + p\ storage

The computed monthly outflows for Colebrook River Lake are listed in
Table 8.

HYDROPOWER POTENTIAL

General

The hydropower potential of a volume of water is the product of its
weight and the vertical distance it can be lowered, Water power is the physical
effect of the weight of falling water, The function of a water power facility is
to transform this gravitational potential energy into mechanical energy, by
turning a turbine, for utilization in creating electrical energy via a generator.
The pofential rate of power generation, normally measured in kilowatts, is
determined by the formula;
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Purpose

Flood Control

Fish Conservation

Water Supply '
New
Replacement
Existing

Sedimentation and
Dead. Storage

Total

'TABLE 5

COLEBROOK RIVER LAKE

STORAGE ALLOCATION

Storage
(ac-ft)

50,200

5,000

30,700
1,000

- 9,800

1,000

97,700

[11-4

Stratum Elevation

(feet, mgvd)
761.0-708.0

708.0-701.2

701.2-643.7
643.7-641.0

641.0~596.3

596.3-567.0



Invert

Dead Storage
gnd Sedimentation

Water Supply (Net)
Existing
Replacement
New
Fish Conservation (Net)
Flood Control (Net)
Spillway Crest (Total)
Maximum Surcharge (Total)

Top of Dam

"~ TABLE 6

COLEBROOK RIVER LAKE
STORAGE-ELEVATION DATA
(D.A. = 118 Square Miles)

Pool

Elevation Stage Area Storage Runoff

(ft, ngvd) (ft) (acres) {ac/ft) {inches)
567.0 0 0 0 0
596.3 29.3 90 1,000 " 0.16
641.0 74.0 355 9,800 1.55
643.7 76.7 370 1,000 0.16
701,2 134,2 713 30,700 4.88
708.0 141.0 750 5,000 0.79
761.0 194.0 1185 50,200 7.98
761.0 194.0 1185 97,700 15.52
785.0 218.0 151¢ 132,000 20,97

- 790.0 223 - - -
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TABLE 7

AVERAGE MONTHLY FLOWS (65 YEARS THRU 1978)
WEST BRANCH FARMINGTON RIVER NEAR NEW BOSTON, MASSACHUSETTS
(DRAINAGE AREA = 92.0 Square Miles)

Percent - '
Average Flow of Annual Maximum Monthly Minimum Monthly
Month cfs inches Runoff cfs inches cfs inches
January 177.1  2.22 8.3 430 6.5 40 0.36
February 154.7  1.86 6.9 400 4.69 46 0.59
March 295.0  4.25 15.8 947 14.19  88.5  1.33
April 413.6  5.76 21.5 828 11.07 ©133 1.79
May 215.0  2.90 10.8 488 6.15 62 0.87
June 127.9  1.53 5.7 - 478 5,76 23.9  0.31
July 84.5  0.89 3.3 T 290 3,60 9.3  0.06
August 97.6  0.92 3.4 1002 12,18 6 0.02
September 99.2 0.88 3.3 644 8.41 13.1 —
6ccober 132.5 1;15 4,3 774 10.16 20 0.08
November 189.7  2.09 7.8 | 817 9.41 27 0.20
December 195.1 . 2.40 8.9 556 6.92 31 0.28
ANNUAL 181.8  26.85 | 34i 50.2 67 10.1

NOTE: Discharge in c¢fs 1s observed at gage; Runoff in inches is adjusted for change in contents
in Otis Reservoir.
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1970
1971
1972
1973
1974
1975
1976
1977

1978

Mean

feu

154

89
196
215
350
184
232

66

509

222

NOTE:

[+

176
163
197
383
328
180
639

55

342

274

TABLE 8

COMPUTED MONTHLY OUTFLOWS IN CFS FROM COLEBROOK RIVER LAKE

M

140
302
202
464
362
341
382
200

272

296

A

269
289
686
490
459
453
315
641

544

461

Flows based on recorded

at Colebrook River Lake

M

326
260
517
401
298
302
367
449

373

366

<

205
176
428

-235

236
272
220
140

296

245

J
298

201

610

286
216
250
218
260

117

273

A

371
135
131
231
405
272
285
456

413

300

s

a7
348
385

498

168

235
310
157

301

277

o

78

207

271
107

95
354
160

138

176

N

105
156
129
148
194
387
150

148

177

217
194
256
173
196
282
273

397

249

ANNUAL

202
210
334
303
276
293
296
259

352

280

discharges at New Boston, Massachusetts and change in storage



where:
P = Power or capacity in kilowatts
E = Combined turbihe and generator efficiencies
0 = Rate of discharge in cubic feet per second.
H = Net hydraulic head in feet

With todays highly efficient turbines and generators, an average combined:
efficiency of 80 percent can be reasonably assumed for a typical range of
operating head and discharge conditions. The potential amourit of power gener-
ation over a period of time, "energy" is normally measured in kilowatt-hours
and is equal to the average capacity times the duration of generation.

The potential amount of water power of any stream, river or lake is-a.
function of: (a} the average annual streamflow, and (b) the average annual
hydraulic head. Both the rate of discharge and the head are quantities which
may fluctuate; therefore, it is the magnitude of these two quantities and their
variability that determine the potential energy of a site and its dependability.

As previously discussed, the Colebrook River Lake Project is operated for
flood control, fishery management and water supply for downstream riparian.
users. These operations, particularly the latter, result in considerable variation
in outflow and hydraulic head at Colebrook River Lake. The water supply cper~
ation generally results in the filling of storage, with a gain in hydraulic head,
during the winter and spring runoff period, followed by an emptying of storage
for flow augmentation, with a resulting falling hydraulic head, during the
summer low flow period. For purposes of this hydropower study, the historic
operation of the project for water supply was analyzed to determine what the
incidental hydropower potential of the project would be under these past oper-
ational conditions. It is noted that no effort was made to optimize the project
operation for both water supply and hydropower. Such studiés would be a part
of more detailed studies and would likely be continually reviewed and updated
following the completion of any actual hydropower installation. It is further
noted that the 9-year historic hydrologic period of operation used for analysis
was somewhat wetter than the long term hydrologic period of record at the
New Boston gage. However, it is expected that any increase in indicated
hydropower potential due to the wetter than average test period would likely be
offset by potential gains in power through more optimum system operation.

Computed monthly outflows and hydraulic heads at Colebrook River Lake
for the historic 9-year period of operation 1970-1978 are listed in Tables 8 and
9. Potential monthly generation was computed using representative Kaplan
turbine characteristic curves, shown on Plate 10, and the computed outflows
and hydraulic heads. ‘
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TABLE 9
COMPUTED MONTHLY HYDRAULIC HEAD IN FEET
(Between Colebrook River Lake and West Branch Reservoir)

J E M A :4 3 3 A 5 ° N D ANNUAL
1970 0 25 32 73 72 70 47 7 - 44 28 37 23 38
1971 30 17 7 56 72 65 58 62 29 14 13 40 39
1972 45 49 65 74 72 85 66 65 28 15 51 54 56
1973 64 63 73 73 73 63 65 93 i9 32 33 81. 61
1974 67 67 72 72 71 63 50 6 41 44 41 63 55
1975 69 73 73 73 72 67 67 56 68 67 66 66 68
1976 76 66 71 74 72 63 49 53 22 27 23 3 50
1977 3 5 74 77 72 69 51 3 14 48 61 66 45
1978 69 61 66 72 72 66 61 27 3 - - - 55
Mean 47 47 59 72 72 68 57 41 29 34 41 S0 52

NOTE: Head based on month end Colebrook River Lake elevation minus West Branch Reservoir elevation



Alternative Plans of Development

Cursory analyses were made of five alternative plans of hydropower -
development at Colebrook River Lake. Alternative 1 consisted of a plan for
developing the hydropower potential of the Colebrook River Lake based on the
outflows and heads as experienced over the 9-year historical operating period.
Alternative 2 would also harness the same Colebrook River Lake outflows but
there would be a reallocation of storage between Colebrook River Lake and the
downstream West Branch Reservoir, thereby increasing the hydraulic head
between the two projects while still meeting the same project purposes.
Alternative 3 would be identical to 2 except that the hydropower facilities
would be made reversible. Alternative 4 would involve Alternative 2 storage
reallocation plus the addition of bascule gates on the Colebrook River Lake
spillway, thereby increasing the regulated storage capacity at Colebrook River
Lake for added hydropower head. Alternative 5 would be identical to 4 except
that the hydropower facilities would be made reversible. The basic difference
between Alternatives 1, 2 and 4 are graphically illustrated on Plate 11,

All alternatives were analyzed assuming a single hydropower unit would
be sited at the downstream end of the existing Colebrook River Lake outlet
with a steel liner installed for use as a penstock. It was assumed that the
existing concrete conduit would require a steel liner pending further detailed.
investigation in subsequent study Stage 3. Therefore, the existing 10-foot
diameter outlet conduit for use as a penstock would limit the instalied hy-
draulic capacity of the hydropower facility to approximately 600 cfs. Bypass
gates would be provided at the power facility for making flood control releases.

Alternative 1 - This alternative plan considers hydropower development
at Colebrook River Lake based on maintaining current head differentials and
existing Colebrook-~Goodwin operation; that is, storage allocations and project
operation for water supply would remain status quo. The only exception would
occur in the flood control storage where its capability would be reduced from
50,200 to 44,600 acre-feet, equivalent to an increase in elevation of 708 to 715
feet NGVD, The increase of 7 feet in elevation would provide an incremental
storage for hydropower operation. Current spillway crest and top of dam would
experience no change in elevation, nor are there any structural modifications
other than the steel liner as previously specified. Other project features would
remain unchanged. :

The plan, which assumes hydropower generation at Colebrook River
Lake with pool levels and outflow as experienced over a 9-year historic period,
was analyzed assuming a 2.5 Mw (megawatt) installation with a 60-foot design
head and a resulting design hydraulic capacity of 614 cfs. This installation
would be capable of harnessing nearly the full hydropower potential of the
outflows from Colebrook River Lake and result in an average annual generation
of 8,100 Mwh (megawatt hours), Approximate monthly and average generation
for the period of analysis is listed in Table 10.

Alternative 2 - With this alternative plan, outflows from Colebrook

River Lake would be the same as with Alternative 1, except there would be
reallocation of 4,400 acre-feet of storage between Colebrook River Lake flood
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APPROXIMATE MONTHLY POWER GENERATION
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control and the downstream West Branch Reservoir water supply. Reallocation
of storages are tabulated in Table 11.

TABLE 11
REALLOCATION OF WATER SUPPLY STORAGES
(Acre-Feet)
Behind Goodwin Impoundment,
Behind Downstream of Colebrook
Colebrook Impoundment Impoundment
Existing 11,900 + 8,500 = 20,400
Alt. 2 Change  +4,400 {loss to flood -4,400 {lowers the pool-
control) gain to flood control)

Total Alt. 2 16,300 + 4,100 = - 20,400

Total net storage of the two reservoirs for each project purpose would be .
unchanged. There would simply be a reallocation of storage use thus creating .
an increased normal differential between the two reservoirs of about 45 feet.
Such a plan of storage reallocation was believed to have considerable merit
because it would, in effect, serve to harness the hydropower potential of both
the Colebrook River Lake Dam and the downstream Goodwin Dam with a single
hydropower installation at Colebrook, rather than dual installations or the '
installation of a penstock extending from Colebrook River Lake Dam to down-
stream of Goodwin Dam. A further advantage of such a plan would be the
reregulating capability provided by the downstream reservoir, permitting
intermittent hydropower operation.

This alternative was analyzed assuming a 3.5 Mw installation with a 90-
foot design head resulting in a design hydraulic capacity of 570 cfs. Average
annual generation was computed to be about 13,600 Mwh. Approximate average
monthly generation for the 9-year historic test period is listed in Table 12,

Fluctuations of the power pool through hydropower operations would be:
caused by the variation in loading on the plant. Maximum daily fluctuation due
to "on and off" hydropower operations would generally not exceed 6 ft/day at
Goodwin. and 2 ft/day at Colebrook. The respective maximum rate of change
would generally not exceed 0.3 to 0.5 ft/hr at Goodwin or 0.1 ft/hr at
Colebrook River Lake. The rate and range for both pools would be greater
during periodic freshets and flood regulations.

Neither Colebrook River Lake nor Goodwin Dams would require any
structural modification in height. Their current spillway crest and dam ele-
vation would remain as is. However, inundation of the Colebrook River Lake
Boat Launching Area, as shown on Plate 4, would occur, thereby requiring the
parking area to be raised at least 4 feet. Tn addition, 40 acres along the
periphery of Colebrook River Lake Reservoir would require clearing. No
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additional land taking nor relocation of highways are envisioned at either
impoundments.

Alternative 3 - This alternative plan is identical to Alternative 2
except that the hydropower installation would be reversible. The Colebrook:
River Lake Dam site is well suited for pump storage chiefly because both the:
required headwater and tailwater pools are already in existence. The economic
benefit to be derived from a reversible unit would be for dependable capacity.
With the 3.5 Mw installation, the minimum dependable capacity would be 2 Mw.
with an assumed minimum head of 50 feet.

Modification of project features, including 40 acres of reservoir-
clearing, as specified for Alternative 2, would remain in effect.

Alternative 4 - This alternative analyzed the feasibility of adding 10-
foot high bascule gates to the 205~foot long Colebrook River Lake spillway,
raising the maximum regulated pool level from elevation 761 to 771 feet
NGVD. This would provide 12,600 acre-feet of added storage resulting in-an
average incremental increase in hydropower head of about 20 feet, This
increased head would result in an annual increase in energy of 5,300 Mwh for a
total potential energy output of 18,900 Mwh.

The rate and range of pool fluctuation would be similar to Alternative -
2. Allocation of storages would also be identical to Alternative 2 with the
exception of different resultant elevations due to the additional storage for
hydropower.

The top of Colebrook River Lake would remain unchanged at elevation-
790 feet NGVD, Other than structural modification to the existing spillway for
adaptation of bascule gates, no structural changes to other project features-are-
envisioned. :

With spillway crest at elevation 771 NGVD, additional lands, totalling
160 acres, would have to be acquired within the upper extremities of the reser—-
voir in Massachusetts along with about 190 acres of flowage easements of
which 60 acres would be in Connecticut, with the remaining 130 acres in Mas~
sachusetts. Improvements to be purchased would involve nine residential
dwellings and one commercial unit.

Mitigating measures would have to be provided for the Colebrook River
Lake Boat Launching Area, the Sandisfield Fisherman Access Area, and the
proposed Sandisfield Boat Launching Area. Otherwise these would be inundated:
and virtually unusable during high reservoir levels, thereby having a potential
adverse effect on recreation. In addition, 110 acres of reservoir clearing along.
the periphery of the reservoir would also be required, however, the plan
requires no relocation of highways other than the recreational access roads.

Alternative 5 - As previously stated, the Colebrook River Lake project
is well suited for pump storage largely as both the required headwater and

tailwater pools are already in existence., For that reason, the hydropower-
installation of Alternative 4 was analyzed with a reversible unit resulting in
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Alternative 5, and therefore, the concept is identical to procedures followed in
Alternative 3. Alternative 5 would have an installed capacity of 4.0 Mw and
the minimum dependable capacity would be 2.5 Mw with an assumed minimum
head of 65 feet,

All project features as modified to accommodate Alternative 4 would
apply to Alternative 5.

Other Plans of Development - Pumped Storage

One other potential plan that could be associated with the hydropower
development at Colebrook River Lake would be a high head pumped storage
project previously evaluated by others some eight years ago. A better per-
spective on how that proposal came into existence, what its objectives are, and
how it impacts on the Colebrook River Lake study has been summed up in the
following paragraphs.

In July of 1973 the New England River Basins Commission (NERBC) issued
a report entitled, "An Environmental Reconnaissance of Alternative Pumped
Storage Sites in New England." That report was the result of a study dealing
with certain economic and environmental conditions surrounding the demand
and supply of peaking electric power in New England. The study was performed
under the direction of the NERBC's Power and Environment Committee, and .
was carried out by a task force of individuals from a variety of public agencies
whose responsibilities gave them an interest in pumped storage development
power for New England.

The major thrust of that study was originally intended as a reconnaissance
of a large number of alternative pumped storage sites in New England. How-
ever, in keeping with current social concerns, the study was enlarged to include
a review of some issues related to the projected future demand for peaking
power, the principles of generation mix planning, and an overview of environ-
mental impacts of alternative peaking power generation technologies.

From an initial list of 52 technically feasible pumped storage sites, the
first screening process reduced the number of sites to 14. This screening
process was carried out under two criteria: insufficient generating capacity
(less than 1,000 Mw), and obvious and unacceptable environmental impacts.
The second step of the screening process evaluated the 14 sites on more formal
grounds.

It should be noted that several characteristics associated with the latter
screening process are carried out with only a modest expenditure of resources
using technical and environmental information that was relatively rough and
general in nature, There was no question that the resultant values could change
if subsequent investigation uncovered different information. It was felt, how~
ever, that the broad types of environmental impact judgments that were made
would be appropriate to the type of information available. Another point
requiring emphasis is that the evaluation was limited to onsite impacts. Some
thought was also given to combining site impacts and transmission impacts
associated with each site, however, this analysis was found to be impossible due
to available resources.
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As a result of the iteration process involving a matrix array of ratings and
various environmental characteristics, the 14 most viable sites were subse-
quently classified into three groups, namely those involving:

— Least amount of environmental impact, numbering four sites in-all.
- An intermediate amount of environmental impact,numbering eight sites.
- The greatest amount of environmental impact, numbering two sites.

One site identified as Tolland Center and located within the confines of
Colebrook River Lake Reservoir fell into the second classification. Its layout
for development is indicated on Plate 12.

The Tolland Center site, considered a prime candidate for pumped stor-
-age, would utilize the existing Colebroock River Lake Reservoir as.its lower
'pool. The upper pool would be formed by diking an area between Seymour -and
Bull ‘Mountain, a region of swampy depressions separated by low ridges. -The
Jand in this area is in private ownership and contains several summer camps and
-partially abandoned roads. Commercial logging operations and some timber
stand improvement work has been carried out in recent years. .

The powerhouse and penstock with its two alternative layouts could be
located entirely underground. From its switchyard, power would be. transmitted
to the power grid network at Tolland Center, located within one mile of the
project.

As stated in the NERBC report the considered project would be capable
of producing an approximate peaking capacity of 1300 Mw under an average
head of 660 feet at full reservoir level, elevation 701 NGVD, within Colebrook
River Lake, By utilizing the reserved water supply storage of the Hartford
MDC, the power pool would introduce a maximum water level fluctuation of
about 30 feet. As the NERBC study resources were limited, detailed evalu-
.ations of this proposal were precluded. From a cursory analysis, that pumped
storage scheme would be operated in the order of 6 hours daily.

Upon closer evaluation of the proposal, in conjunction with the Colebrook
River Lake Hydropower Feasibility Study, the overall Tolland Center pumped
storage scheme remains valid, however, the lower pool concept as proposed by
the NERBC study would provide a nondependable power output during certain
critical periods of time.

Depending on the mode of operation, the Tolland Center pumped storage
project would still be capable of producing peaking power, - However, whether
the project would be less costly than other identified viable alternatives-within
the New England Region would have to be determined. Such a task is consid-
ered to be beyond the scope of this study, especially since a substantial amount
of energy for the pumped back operation is currently unavailable. ‘As the public
power utilites of the region are at a vantage point in the production -of power
and its related transmission facilities, it is considered in the best interest of
the Government to simply identify the proposal as a possible viable measure to
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be pursued by non-Federal interests at their own discretion. Adverse economic
impact on the Colebrook River Lake hydropower development, and the social
and environmental impacts would need to be addressed if the Tolland Center
pumped storage project were ever implemented.

SELECTED PLAN

The general objective of this Preliminary Feasibility Study was to deter-
mine if hydropower, as an added purpose to existing Colebrook River Lake,
could be economically justified without having any major adverse impact on
project features, To achieve that goal, all potential hydropower alternatives
had to be explored in a brief but concise manner and in sufficient detail as to
recommend an appropriate course of action. '

- It was also realized that for the development of any plan involving
hydropower, appropriate power benefit values (capacity and energy) would be
required. Those values are generally provided by FERC, whao is vested with
that responsibility. However, as the study had to be kept within budgetary
constraints and time limitations, it became imperative to develop a methodol-
ogy for evaluating the economic justification of all proposals. That method-
ology as developed for this study is documented in Section VII, entitled
"Economic Analysis." Utilizing the results of the Economic Analysis of Tables
19 and 20 of Section VI to the five Alternative Plans, the final screening
process for determining a truly selected plan was developed as described below.

Based on an annualization of project cost, the energy of 8,100 Mwh
produced by Alternative 1 would have a capital recovery energy cost (CREC) of
53.8 mills/Mwh (mills per kilowatt hours). The capital recovery energy cost,
obtained as the ratio of annualized cost to the energy produced, is the price at
which that power produced would have to be sold for the project to be economi-
cally justified. For this analysis, it is the benefit-to-cost ratio (B/C) of unity
which is attained at 53.8 mills/Kwh, Therefore, as the CREC increases the
project would become more economically favorable until a level of maximiza-
tion is achieved. For Alternatives 2 and 4, the energy of 13,600 and 18,900
Mwh would have a capital recovery energy cost of 34.5 and 39.3 mills/Kwh,
respectively, and maximization of benefits would be derived in the same
manner as Alternative 1,

It should be emphasized that the CREC values are based on today's econo-
mic condition. They exclude a relative price shift analysis, results of which
appear in Table 18 of Section VII. When considering the relative price shift, the
resultant values would improve the CREC, but, as all costs and benefits are
relative, the end result would have no effect in improving one alternative over
the other.

In preparation of this report, FERC's office of Region 1 was informally
contacted with respect to hydropower benefit values. It was mutually agreed
as a result of that discussion that formal submission of benefit values by FERC
(particularly as they relate to capacity values) should be reserved for the next
study stage.
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. Their criteria for capacity is very strict, and it may turn out that they
intend the dependable capacity to be reflected as a credit (reduction in‘project
costs) rather than a project benefit. Furthermore, the dependable capacity to
be realized by the project is so small that it may not displace any alternative
power equipment., Whether dependable capacity coincides with peak demand
has vet to be determined.

It is for those reasons that capacity values were not considered for each
Alternative 1, 2 and 4, By right, the same reasoning applies to Alternatives 3
and 5 involving the reversible unit schemes. However, as reversible units would
add greatly to the operating flexibility, dependability and marketability of
either Alternative 3 or 5, and.in the event that a capacity value would be
eventually allowed, an economic analysis for determining the cost that would
yield a break-even point was developed. That cost per Kw of dependable capa-
city was derived as the quotient of the incremental cost of adding a reversible
unit by its dependable capacity. For Alternatives 3 and 5, respectively, the
unit cost per Kw of dependable capacity was $34.15 and $26,76 and appears in
Table 20 of Section VII. Simply stated, that means if credit for dependable
capacity is equal to or greater than either $34.15 or $26.76 per Kw, Alter~
natives 3 and 5, respectively, would be economically justified, providing there
would be no net.gain or loss due to pumping operations; that is, the difference
in cost of peak energy for pumping and the values of added generated energy
would be sufficient to offset the energy losses in operation.

A tabular summary of pertinent data involving project features, capacity,
design head, energy and comparative costs for all alternatives appears in Table
13,

From an engineering and economic aspect, Alternatives 1, 2 and 4 could
all be viably justified, and, if benefit credit for dependable capacity were
allowed, Alternatives 3 and 5 could also be justified. Therefore, for.this study,
the screening process for choosing a selected plan must rely on the known
social and environmental effects of the alternatives. A detailed evaluation of
those impacts is documented in Section IV.

Alternative 1 would simply maintain the existing Colebrook River Lake-
West Branch Reservoirs operation; that is, the hydropower potential is based on
the outflows and heads as currently existing with just one exception. Flood
control storage would be reduced (from 8.0 to 7.1 inches of runoff) as to
provide an incremental storage for hydropower operation. This alternative
would cause the least adverse impact on the environment, but, on the other
hand, the total power potential of the site is inhibited. Therefore, this
alternative cannot be considered as a viable candidate for the selected plan.

Alternative 2 would also harness the same Colebrook River Lake ocutflows
but with a reallocation of storages between Colebrook River Lake and the
downstream West Branch Reservoir. Though social and environmental impacts
would be experienced, they are considered minor and totally within acceptable
tolerances. Energy produced would be about twice as much.as Alternative 1,
and maximization of net benefits would possibly be achieved with this alter-
native. From all indications, it is apparent at this time that Alternative 2
should be chosen as the most likely candidate for the selected plan.
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TABLE 13

PERTINENT DATA ON ALTERNATIVE PLANS
HYDROPOWER DEVELOPMENT AT COLEEROOK RIVER LAKE

Capacity Design Annual Comparative Costs
Alternate Features CFS Mw Head Energy * F
(ft) (Mwh) Mills/Kwh $/Rw
1 Present operation 614 2.5 60 8,100 53.8
with no major changes
2 Storage reallocation 570 3.5 90 13,600 34.5
3 Alternative 2 with 570 3.5 90 13,600 34.15
reversible unit
& Installation of 590 4.0 100 18,900 39.3
bascule gates '
5 Alternative 4 with 590 4.0 100 18,900 26.76

reversible unit
% Denotes the unit price that power produced would have to be sold in order for the project to attain a
Benefit Cost Ratio of unity,

%% Denotes the cost value of dependable capacity for the project to also attain a Benefit /Cost Ratio of
unity, if credit for dependable power capacity were allowed.



Alternative 3 is identical to Alternative 2 except that the hydropower
facility would be made reversible to provide a better operating: flexibility and
dependability. The impacts would be at least equal to those of Alternative 2
and possibly increase in adversity due to the pumpback operation. However,
the resuliant impacts are still considered minor and totally within the realm of
acceptability. Currently, Alternative 3 cannot be considered as the selected
plan, but it should be held in abeyance for further evaluation in the subsequent
study, Stage 3. At such time, it should be determined whether or not a benefit
credit for dependable capacity will be allowed.

Alternative 4 considers the addition of 10-foot high bascule gates to:the
Colebrook River Lake spillway, thereby increasing the storage and head for
‘power generation. As such, the proposal would optimize the energy potential,
but it would cause the most adverse social and environmental impact. With
spillway crest raised 10 feet, additional acquisition of lands and improvements
would be .required. In addition, relocation of existing and future.recreational
facilities and additional acreages of reservoir clearing would also be required.
Inasmuch as most of the impacts could be mitigated, the sociceconomic effects
resulting from the acquisition of lands including one commercial establishment
and nine homesteads in Massachusetts would cause personal inconveniences.
Determination of whether or not the involved public would be receptive to such
a proposal must await the public involvement program to be inititated upon
release of this. report in early calendar year 1981, Therefore, at this time, it
would be premature to identify Alternative 4 as the selected plan. That
determination would have to be made in the subsequent study phase when all
public input can be fully assessed, and benefit/cost analyses are refined.

Alternative 5 is identical to Alternative 4 except that the hydropower
installation is made reversible. Therefore, identical impacts would be exper—
ienced and possibly increased due to the pumpback operation, Designation.of
this proposal as the selected plan hinges on Alternative 4 which, as previously
stated, must be currently held in abeyance pending the next study stage. At
such time, it would also be determined if a benefit credit for dependable capa-
city is allowed.

In summation, it has been determined, at this time, that Alternative'2
should be chosen as the "most likely selected plan” pending further investi-
gative studies in Stage 3. Although all costs, benefits and impacts have
addressed all alternatives, the selected plan is the alternative upon which
-engineering data and drawings have been prepared, and subsequently-included:as
part of the report. The pertinent engineering data as applicable to the Selected
Plan appear in Table 14 and an illustration of the project proposal is:shown: on
Figure 3.

The most likely selected plan would be considered principally an energy
producing "fuel saving" type project, with no benefits claimed for dependable
capacity. It is noted, however, that available generation could be generally
forecasted on.a week-to-week basis. Except during short duration flood regu-
lation, releases are made from Colebrook River Lake per weekly:at:the request
of the Hartford MDC and/or Connecticut Department of Environmental Protec-
tion. The Hartford MDC is required to discharge 66,600 acre-feet annually
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TABLE 14

PERTINENT ENGINEERING DATA - SELECTED PLAN

COLEBROOK RIVER LAKE

Number of Units

Throat Diameter {ft)

Design Hydraulic Head (ft)

Generator Capacity {Kw)

Generator Type

Hydraulic Capacity (cfs)

Potential Annual Generation {Kwh)
Annual Plant Factor

Average Turbine/Generator Efficiency

Type of Turbine

IT1-21

1
4.6
90

-3500

Synchronous
570
13,600,000
0.44

80%

Vertical Propeller with
Kaplan Runner



from its system of reservoirs in the basin for use by downstream riparian
owners, and 53,400 acre-feet must be discharged between 15 May and 31
October. Secondly, no less than 50 cfs outflow must be maintained at all times
at the downstream Goodwin Dam and only inflows in excess of 150 cfs can be
stored. During the summer months, June through October, releases from
Colebrook River Lake are generally scheduled weekly and are equal to inflow
plus planned releases from storage resulting in an augmented outflow and
falling reservoir level, During the winter months, November through February,
only inflows in excess of 150 cfs are stored, usually resulting in a gradual filling
of storage. Once-the water supply storage is filled, either during the winter or
spring runoff period, outflow is generally maintained equal to inflow until the
following summer season, except for short duration flood regulation. Average
monthly outflows from Colebrook River Lake and reservoir head differentials
for the 9-year historic period of analysis are listed in Tables 8 and 9. As
previously stated, no effort was made in this study to develop an optimum plan
of operation with hydropower as an added purpose. Hydropower was assumed
an "incidental" purpose and it was assumed that the project would be operated
as in the past to meet the same downstream flows., Only the change in storage
allocation between Colebrook River Lake and West Branch Reservoir was con-
sidered in the interest of increased hydropower generation. Further opti-
mization studies would be a part of any more detailed design and would likely
be periodically reviewed after project completion.

With the proposed plan of operation, it is expected that the downstream
West Branch Reservoir would be used as a reregulating reservoir, permitting
Colebrook River Lake Project to operate in an "on-off" mode, fitting genera-
tion to power demand, within the limits of the average weekly flow require-
ments and resulting available head. The hydraulic capacity of the project
would be in the order of 600 cfs; therefore, average daily hours of generation
might vary from 7 hours per day in October and November when average flow is
about 175 cfs to about 20 hours per day in April when average flow would be
nearly 500 cfs. The all-season average annual plant factor would be abhout 44
percent or about 11 hours generation per day., Maximum rates of pool level
change due to the proposed hydropower operation would be about 0.3-0,5 ft/hr
in the downstream West Branch Reservoir and 0.1 ft/hr in the Colebrook River
Lake. Maximum daily fluctuations as a result of hydropower operations should
not exceed 6 feet in the West Branch Reservoir and 2 feet in Colebrook River
Lake. Rates and magnitudes of fluctuations are considerably greater during
periodic flood regulations. The existing outlet capacity at Goodwin Dam is
limited to about 1,000 cfs, Therefore, during flocods and high flow periods, the
West Branch Reservoir will fill to elevation 641 feet NGVD to permit utilizing
the spillway for the passage of high flows and the emptying of floodwaters from
storage, first from Colebrook River Lake and then from the West Branch
Reservoir,
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Environmental Consideratz’ons of Alternatives

GENERAL

The proposal for harnessing the hydropower potential at Colebrook River
Lake would involve the installation of a powerhouse downstream of the existing
Colebrook River Lake Dam outlet works., Currently five alternative plans are
being evaluated. They are depicted on Plate 11 and briefly summarized in the
following paragraphs.

SUMMARY OF DEVELOPMENT ALTERNATIVES

Alternative Plans

Alternative 1 would consist of hydropower operation based on maintaining
existing head differentials and existing Colebrook-Goodwin operation, with just
one exception. This would occur in the Colebrook River Lake flood control
storage where its capability would be reduced from 50,200 to 44,600 acre-feet,
equivalent to an increase in elevation from 708 to 715 feet NGVD. The increase
of 7 feet in elevation would provide an incremental storage for hydropower
operation. Current spillway crest and top of dam at Colebrook River Lake and
West Branch Reservoir would experience no change in elevation, nor are there
any structural modifications envisioned.

In Alternative 2, as in Alternative 1, neither Colebrook River Lake nor
Goodwin Dams would require any structural modification in height. Their
current spillway crest and dam elevations would remain intact. However, the
major feature would be a change in storage allocation as shown in Table 11 of
Section II between Colebrook River Lake and West Branch Reservoirs. There
would be 4,400 acre-feet of flood control storage taken from the Colebrook
River Lake Reservoir and allocated to the West Branch Reservoir. An equal
amount of water supply storage at West Branch Reservoir would be transferred
to storage behind the Colebrook River Lake impoundment, thereby creating 45
feet of head for hydropower between the two reservoirs. The lowered pool at
the West Branch Reservoir would also allow a reregulating capability, thus
permitting intermittent hydropower operation at Colebrook River Lake.

Alternative 3 is identical to Alternative 2 except that the hydropower
installation would include a reversible turbine, thus providing more flexibility
and dependability for power production. The Colebrook River Lake and West
Branch Reservoirs complex is well suited for pumped storage in that the
required headwater and tailwater pools already exist.

Alternative 4 considers the installation of a 205-foot long, 10-foot high
bascule gate at the crest of the Colebrook River Lake spillway to permit 12,500
acre-feet of added regulated storage at Colebrook River Lake thus providing
for a 125-foot high head. The top of Colebrook River Lake Dam would remain
unchanged at elevation 790 NGVD, and no other major project modifications
are contemplated. Allocation of storages would be identical to Alternative 2
with the exception of different resultant elevations due to the additional
storage for hydropower. With spillway crest at elevation 771 feet NGVD,

Iv-1



additional lands, totalling 160 acres, would have to be purchased within the
upper extremities of the reservoir in Massachusetts. It would also be necessary
to purchase about 190 acres of flowage easements, of which 60 acres woulid be
in Connecticut, and the remaining 130 acres in Massachusetts., In addition,
relocation of the existing boat launching ramp, access areas and parking facili-
ties would also be required. As in Alternatives 2 and 3, the lowered West
Branch Reservoir pool would allow a reregulating capability and thus permit
intermittent hydropower operation at Colebrook River Lake.

Alternative 5 is identical to Alternative 4 except that it would include:a
reversible turbine,

Selected Plan

The most likely selected plan as indicated earlier in this.report, is
Alternative 2, with the possible later replacement by Alternative 3, following
further study.

With the proposed plan, including the use of the downstream West Branch
Reservoir as a reregulating facility, the Colebrook River Lake Hydropower
Project would operate in an "on-off" mode, fitting power generation to power
demand, within the limits of flow requirements based on existing agreements
and flood control constraints and resulting available head. Maximum rates of
pool level change due to the proposed hydropower operation would generally not
exceed 0.3 to 0.5 ft/hr at the West Branch Reservoir or 0.1 ft/hr at Colebrook
River Lake. Maximum daily fluctuations as a result of hydropower operations
should not exceed 6 ft/day at West Branch Reservoir or 2 ft/day at Colebrook
River Lake. The anticipated rates of change at Colebrook River Lake are
considerably less than those experienced during periodic flood regulations,

Since the existing capacity of the outlet works at Goodwin Dam is.limited
‘to about 1,000 cfs, the West Branch Reservoir would be allowed 'to fill to
spillway crest elevation 641 NGVD during floods and high flow periods, to
‘permit utilization of the spillway for the passage of high flows as well as for
emptying floodwaters from storage, first from Colebrook River Lake and then
from the West Branch Reservoir. Emptying of floodwaters from the West
Branch Reservoir storage below elevation 641 NGVD would occur at the
Goodwin Dam outlet workas.

IMPACTS

Topography, Geotechnical Features and Climatology

The addition of hydropower to the Colebrook River Lake and West Branch
Reservoirs complex would have no impact on the topography, geotechnical
fedtures or climatology of the area as the reservoirs are already present.

Aquatic Ecosystem

Alternative 1 involves little in the way of potential water quality
impacts., Operation of the reservoir complex would be essentially the same as
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at present. Normal pool levels at Colebrook River Lake would be only slightly
higher than usual. This would tend to strengthen stratification patterns to a
small degree, with the hypolimnion being slightly larger and perhaps slightly
colder. This could mean that slightly cooler water could be discharged for a
longer period of time than currently occurs. The somewhat elevated pool might
cause minor erosion along the shoreline and temporary small increases in sus-
pended solids and nutrients and hence increase the biological oxygen demand of
the lake's waters around the littoral areas. Primary and secondary productivity
might increase slightly. Substrate instability of the littoral zone might
minimally stress aquatic organisms.

Potential water quality impacts due to implementation of Alternative 2
would be experienced primarily in West Branch Reservoir and downstream and
to a lesser degree in Colebrook River Lake Reservoir. By lowering the pool 31
feet and reducing the water supply storage in West Branch Reservoir by about
50 percent, detention time would similarly be decreased by about 50 percent
and the impoundment would tend more towards a completely mixed condition.
The decreased surface area and shorter detention time would reduce heat
transfer to the water and could result in cooler temperatures downstream and
in the reservoir, The storage taken from West Branch Reservoir would be
added to Colebrook River Lake thereby adding another 5 feet to the normal
pool elevation. The added storage and depth could further strengthen strati-
fication patterns and increase the volume as well as decrease the temperature
of the hypolimnion, over the degree expected from Alternative 1, thus allowing
even cooler water to be discharged for an even longer period of time. Erosion
of the shoreline and attendant impacts would be of greatest concern in the
West Branch Reservoir due to its hydropower operating range in elevation from
610 to 641 feet NGVD, and also to the more frequent flood control fluctuations
between elevations 610 and 641 feet NGVD, where pool levels have rarely fluc-
tuated in the past. Shoreline erosion would also be of more concern than in
Alternative 1 at Colebrook River Lake, due to the further increase in normal
pool elevation,

As indicated earlier, Alternative 3 is the same as Alternative 2 with the
exception that a reversible turbine would be used. Pumpback operation would
cause a significant amount of mixing and would result in modified stratification
and overall water quality conditions in Colebrook River Lake Reservoir. In the
West Branch Reservoir, conditions would be further modified by the alternating
periods of inflows and withdrawals at the upstream end of the reservoir., Shore-
line erosion and related impacts would be more serious than anticipated for
Alternative 2, in that they would be exacerbated in both reservoirs by the more
frequent pool level changes, and the characteristic pumpback mode of several
consecutive changes occurring through a single series of pool elevations.

Alternative 4 would offer significantly higher normal pool levels in
Colebrook River Lake Reservoir, thus increasing the magnitude of all of the
effects indicated for Alternative 2. West Branch Reservoir effects would be

similar to those indicated for Alternative 2.
Alternative 5 impacts would be similar to those for Alternative 3, but
with significantly higher normal pool levels in Colebrook River Lake Reservoir,
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would involve increased potential for shoreline erosion and attendant impacts
there.

Construction of the powerhouse downstream of the Colebrook River Lake
Dam would cause disruption and minor siltation in the vicinity of the upper
portion of the West Branch Reservoir. It is not expected that this would stress
aquatic organisms within the reservoir or downstream of it.

Further studies will involve predictive analyses of water gquality con-
ditions for the Colebrook River Lake and West Branch Reservoir system and
downstream. Included will be temperature and dissolved oxygen modeling to
predict modified in-lake and discharge conditions, identification of impacts and
evaluation of the need for or advantage of providing selective withdrawal
capability at Colebrook River Lake.

The primary aim of these studies will be to insure that the project will
have no impact on these reservoirs' capability to provide for the future drinking
water supply, and that it will have the least impact possible on the downstream
fishery as well as the lake fishery.

Terrestrial Ecosystem

The Colebrook River Lake Reservoir has been cleared to an elevation of
718 feet NGVD for flood control and water supply pool storage. Increasing the
normal full pool elevation for the alternative plans of hydropower would result
in more frequent and lasting inundation of the shoreline and its associated
vegetation, and would require further clearing as follows:

Hydropower Pool Elevation Additional Acres
Alternative Plans Feet NGVD of Required Clearing
2 720 40
3 720 40
4 735 110
5 735 110

Areas uncleared and undergoing more frequent inundation would experi~
ence the killing of less flood tolerant species and a gradual shift in composition
toward more tolerant species.

Resident wildlife would be displaced from the cleared and more fre-
quently inundated areas. Most would move to higher elevations and resettle,
although some might perish. The shift might cause overcrowding and further
mortality in some areas where the habitat carrying capacity has been reached.

The purchase of additional lands to the new spillway crest elevation of

Alternatives 4 and 5 (771 feet NGVD) would be expected to have no effect on
the terrestrial ecosystem, unless a near spillway flood were to occur.
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Threatened and Endangered Species

Since there are no currently listed Federal threatened or endangered
species in the project area, no impacts are anticipated from implementation of
the proposed project. The status of the spreading globe-flower will be carefully
monitored, and specimens looked for in likely areas as the study progresses.

Recreation and Natural Resources

Fishing access to Colebrook River Lake and the pool behind Goodwin Dam
would not be affected with implementation of Alternative 1 since the normal
pool levels and drawdown procedures would be similar to the present situation,
with pool fluctuations not exceeding 2 feet per day for hydropower operation.

With Alternatives 2 and 3 the maximum normal lake level behind
Colebrook River Lake Dam would be raised to elevation 720 feet NGVD. This
pool level would inundate the Colebrook River Lake Boat Launching Area
(average elevation 719 feet NGVD), therefore requiring that the parking area
be raised at least 4 feet and the boat ramp extended. The Boat Launching Area
is located as shown on Plate 4. The Sandisfield Fisherman Access Area would
not be significantly affected by the increased pool elevation, nor would the
Sandisfield Boat Launching Area proposed for possible future development in
the Colebrook River Lake Reservoir Public Use Plan. Both areas appear are on
Plate 5. Lowering the permanent pool behind Goodwin Dam to elevation 610
feet NGVD for either Alternative 2 or 3 would have no effect on fishing, as
State of Connecticut law prohibits fishing within the municipal water supply
reservoir.

Implementaton of Alternative 4 or 5 would result in an increase in the
Colebrook River Lake elevation to 735 feet NGVD, while the West Branch
Reservoir would remain at elevation 610 feet NGVD. This would cause the
Colebrook River Lake Boat Launching Area to be completely inundated for a
significant period of time, particularly during the spring when fishing pressure
is greatest. The Sandisfield Fisherman Access Area and the proposed
Sandisfield Boat Launching Area would also be inundated and virtually unusable
until the water level dropped down to approximately elevation 725 feet
NGVD. Consequently, fisherman access to Colebrook River Lake could be
severely limited, which in turn could have an adverse effect on the fishery
resource. Lost recreation benefits would also be significant.

Historic and Archaeological Resources

There are no recorded intact prehistoric sites within the project area. An
archaeological reconnaissance of the project, performed during the summer of
1980, revealed heavily eroded surfaces throughout the area below elevation 708
feet NGVD, and no evidence of prehistoric material, The extensive earth-
moving associated with dam construction in 1955 and 1965, and subsequent
erosion over the past 15-25 years have damaged all historic sites below
elevation 708 feet NGVD to such an extent that they do not appear eligible for
nomination to the National Register of Historic Places, The infrequent
inundation of historic sites between elevations 708 and 761 feet NGVD does not
appear to be significantly affecting their condition.
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The only potential effect on historic or archaeological resources from.
Alternative 1 would be due to raising of the normal full pool from elevation 708
to 715 feet NGVD. However, no recorded resources exist between these eleva~
tions, and steepness of topography renders presence of unrecorded resources
highly unlikely.

_Alternatives 2 and 3 could affect historic or archaeological resources at
Colebrook River Lake by raising of the normal full pool from:' elevation 708 to:
720 feet NGVD. However, as with Alternative 1, no recorded potentially’
significant resources exist between these elevations, and unrecorded resources
are unlikely to be present. The same may be said of the area that would be
affected by lowering of the West Branch Reservoir pool from elevation 641 to
610 feet NGVD.

Alternatives 4 and 5 could have a major effect upon archaeoclogical
resources resulting from the raising of the normal full pool level to elevation
735 feet NGVD. This would cause frequent inundation of two 18th-19th eentury
dwelling sites, one of which was also a tavern, and one 19th-20th century mill.
site, as well as an area of flood plain having moderate potential for prehistoric
sites, All three of the above historic period sites are in fairly good condition
and may be eligible for inclusion in the National Register of Historic Places.

The raising of spillway crest to elevation 771 feet NGVD would require
removal of several dwellings and related structures, some of which are 19th.
century in date, in the community of Roosterville. If Alternatives 4 and 5 are
pursued further, it is recommended that assessment of the National Register
significance of the historic period sites and structures noted above be
performed in conjunction with the subsequent Stage 3 of project planning.

Alternatives 4 and 5 would be identical to Alternatives 2 and 3 in the lack
of effect from lowering of the West Branch Reservoir pool.

Socioeconomic Resources

The socioeconomic impacts of hydropower development at Colebrook
River Lake can be divided into two categories: construction and post-con-
struction.

The impacts of the construction activity would be temporary in nature,
with increased noise and dust at the construction site and additional traffic on
roads such as Route 8 during the actual construction period being expected.

The primary post-construction effect of the proposed project would be
the creation of a hydropower facility capable of generating electrical power.
Under the authority of Section 5 of the 1944 Flood Control Act, an appropriate
Federal Matrketing Agency to be established for the area at some future time,
would have the final say as to the disposition of this power. The addition of
hydropower as a project purpose is consistent with current national energy
policy. Only Alternatives 4 and 5 would have significant additional socio-
economic effects, as a result of the required acquisition of an additional 160
acres of land and the purchasing of one commercial and nine residential
properties. These could include the personal inconveniences associated with
the permanent relocation of the commercial establishment and homesteads
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involved, plus an annual property tax loss of approximately $5,000 at
Sandisfield, Massachusetts.

These impacts will be examined further as the study progresses.
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Project Features and Costs

GENERAL

The adaptation of the Colebrook River Lake project as a hydropower
installation involves the modification or alteration of some existing project
facilities and the addition of other elements required for the production of
electric power. Numerous components of the existing facilities require minor
retrofitting operations while others are oriented to new design concepts. For a
better perspective of those requirements for implementing the project features
and.for developing the project costs, a descriptive coverage is provided in the
following text, and is applicable to all five alternatives unless specified
otherwise.

A general layout of the hydropower proposal together with a centerline
profile appears on Plates 13 and 14, respectively.

DAM AND SPILLWAY MODIFICATION

From observations made during current site visits, the Colebrock River
Lake Dam embankment is in excellent condition. Embankment stability anal-
yses made during design show that the embankment meets current criteria for
stability with reservoir drawdown and fluctuation. Both slopes of the
embankment consist of rockfill face with a 10-foot wide zone of selected large
rock fragments, which is considered more than adequate to withstand wave
action. The Goodwin Dam embankment is also in good condition. Preliminary
stability analyses indicate the embankment meets current criteria for stability
with reservoir drawdown and fluctuation. The upstream slope consists of a
rockfill face with a 3-foot layer of riprap below elevation 615 feet NGVD and a
5-foot layer above that elevation, which is considered adequate to withstand
wave action. Therefore, modification of either dam embankment is considered
unnecessary to assure its integrity with the proposed hydropower pool opera-
tion. '

The reservoir shoreline between Colebrook River Lake and Goodwin Dams
is characterized by shallow bedrock surface with overburden consisting
principally of sand and gravel., The pool fluctuations due to the proposed
hydropower operations are expected to cause minor sloughing of the shoreline
overburden in limited reaches during the first 3 years of operation which will
stabilize. Preventive measures against sloughing are considered unnecessary.

Other than the construction of an access road across its discharge
channel, the spillway would also remain intact for Alternatives 1, 2 and 3. For
Alternatives 4 and 5 alteration of spillway weir for adaptation of bascule gates
would be necessary. Bascule gates, 10 feet in height, would be added to the
205-foot long spillway. They would be installed on top of the concrete weir
crest with pivotal axis mounted on three separate concrete piers built into the
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downstream face of the existing weir, and outer pivotal axis along modified
abutment walls. Gate operation, fully automated, would be lowered at a speci-
fied time for effective discharge of emergency floodflows at a predetermined
reservoir level.

An access road, as shown on Plate 13, approaching the powerhouse from
the northeast would cross the spillway channe! on the downstream side at about
700 feet from the concrete weir, The surface of the access road would be
approximately four feet above flood storage level (elevation 645 feet NGVD) of
the West Branch Reservoir. This spillway crossing would consist of one to two
feet of gravel bedding with a 20-foot unpaved width. As an occurrence of a
washout due to spillway discharge, considered to be a 50-year event, is antici-
pated, provisions for occasional reconstruction of the access road in this
location is considered to be cost effective.

ACCESS ROAD

In total, nine possible routes for an access road were studied in detail and
compared. Those alternatives included an 8,000-foot access approaching from
the east side originating at the Goodwin Dam; approaching from the northeast;
approaching from the west and crossing the face of the dam at different slopes;
winding down from the parking lot at the crest of the dam; and a tower/eleva~
tor system similar to the intake structure.

After thorough investigations including a site visit, and inasmuch as
occurrence of a washout due to spillway discharge could be expected on a rare
occasion, the approach from the northeast, as shown on Plate 15, proved to be
cost efiective. Along this route, 1-1/2 miles of existing road from the north
needs minor improvement with 6 inches of gravel to bring it up to par. The
final 1,200 feet of new construction would require some cut and fill along the
existing right-of-way, with a foot of gravel and bituminous paving. Approxi~
mately 600 feet of that latter distance would be at a 10 to 12 percent grade in
the vicinity of the spillway. The access road would be located mostly on
Hartford MDC and partially on Government lands. '

Although driving distance from the operating quarters of Colebrook River
Lake Dam to the power station located at the cutlet structure via the access
road is 11 miles, after the construction stage is completed, the access road
should be sparsely used, Normal foot access would be provided by a 4-foot
walkway constructed from the parking lot on the east side of the dam to the
powerhouse.

INTAKE STRUCTURE

The intake works consist of a dry well control tower constructed of rein~
forced concrete and founded on bedrock, an operating house serviced by an
access bridge, a gate chamber for regulating storage and flow releases through
the outlet conduit, and other related features required for the functional
operation of the project.

The gate structure contains three (4 x 8 feet} hydraulically operated
vertical slide gates used for regulation purposes with each gate having an
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emergency back-up gate. A monorail heist and stop-gate are provided for
emergency closure in case both the service and emergency back-up gates
malfunction.

This structure is located on the upstream side of the dam, adjacent to and
westerly of the spillway approach channel.- Its location relative to the outlet
conduit appears on "As-Built" Plate 3. From the invert or sill elevation of 575
feet NGVD at the gate chamber, the total height of the structure to the
rooftop approximates 245 feet.

Exclusive of possible minor alteration involving the trash bars, the intake
structure is considered acceptable for hydroelectric additions. Mechanically
cleaned trash racks were investigated and determined to be too costly to adopt,
and rather impractical due to severe winter climate and existing intake con-
figuration, The water supply and flood control reservoir has been completely
cleared up to elevation 718 feet NGVD, and will be cleared further to the same
extent and manner to accommodate the requirements of each respective alter-
native. As debris or large objects have posed no problems to date nor are any
envisioned, it was assumed that the existing vertical trash bars would
adequately and effectively serve the project purpose. In conjunction with the
current ongoing maintenance program, securing the services of a diver to
periodically inspect the trash bars and affect any remedial clearing action
would be far more cost effective.

COFFERDAM

As the water surface {elevation 641 feet NGVD) of the West Branch
Reservoir submerges the outlet works of the Colebrook River Lake by approxi-
mately 69 feet, construction of the powerhouse and alteration of the existing
conduit for penstock adaptation to be performed in the dry could be a costly
procedure, particularly if noninterruptible downstream flow releases are to be
maintained. However, by appropriately utilizing the West Branch Reservoir,
the construction program could be greatly simplified and made cost effective;
and still the required flow releases could be adequately maintained.

Several methods were evaluated and their costs are about equal. One
approach would be to store a sufficient amount of water in the West Branch
Reservoir to supply downstream needs for approximately 7 to 10 days. This
would permit construction to take place within the cofferdam area with a
minimum amount of interference. Prior to actually constructing the
cofferdam, corrugated metal diversion conduits would be prepared. The
cofferdam would then be constructed by first lowering the West Branch
Reservoir to elevation 570 feet NGVD, where the downstream invert of the
Colebrook River Lake would be exposed. At that level, approximately 3 to 5
days of storage (500 acre-feet) would still be available at the West Branch
Reservoir, which would provide sufficient time to install a prefabricated
diversion pipe, as well as construct the earthen cofferdam emhbankment up to
elevation 580 feet NGVD, The diversion conduit would include a sluice gate
element at the cofferdam downstream side. Once the cofferdam is con-
structed, storage at the West Branch Reservoir would be allowed to build up to
a 7 to 10 day storage (approximately 1,000 acre~feet). This approach would
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_ provide the contractor a great deal of flexibility in the construction-of the

power: plant, alteration of outlet conduit for .penstock:adaptation, afid-other

.-associated features.

A second approach would be to draw.the West Branch Reservoir.down to
elevation 570 feet NGVD, which provides for 3 to 5 day release storage;.and
exposes the .downstream invert of the Colebrook River Lakeoutlet. works. "The

. contractor would then proceed to install- prefabricated :steelunitsofithe
permanent penstock, bifurcation, casing and other ancillary.work, utilizing:the

3 to 5 day intervals for construction purposes.” Once the prefabricated units-are

-installed, he can use them to meet downstream release demands., The releases
~would be continuous, and the West Branch Reservoir could-be maintained at its

low.level.. At its low level, the area adjacent to the outlet .and powerhouse

..gites would be either exposed or have shallow water over-it.. Thearea :could

then be easily developed for the contractor's work area.-

: It :shonld be realized that the evaluation of these-twormethodsrwas

. performed simply to derive a realistic cost. Other viable'means of perforining
.this phase of the construction could most.likely be developed and should:notbe
..precluded at this time, In subsequent detailed-investigations, other-means.for
-reducing the cost in accordance with practical application will be addressed.

-PENSTOCK

The existing 10-foot circular conduit tunnel of reinforced concrete con-
struction. measures approximately 774 feet in length.from the wvertical.slide

-gates at the intake structure to its terminus at.the -downstream-outlet:struc-
. ture. The-purpose is to discharge .flood control and water:supply.flows.and low
. flow requirements for downstream riparian owners including the:fishery

resources.

7 The conduit was initially designed for hydrostati¢ pressure.. Thedesign
contemplated that flows for water supply would be discharged:from Colebrook

“River Lake into the West Branch Reservoir prior to its .diversion:into

Barkhamsted Reservoir via a proposed tunnel.’.In all probability, that.design
would be adequate to satisfy the addition of hydropower. 'If so, modification of

. the conduit.would be unnecessary. ‘However, it was-assumed:that: a:steel:liner
- some ‘800 feet in length should be included at this time pending-further
-advanced study.

2An effective and economical method for strengthening the conduit

-entailed a welded steel liner inserted inside the existing .conduit..: It -would

consist of prefabricated sections welded together when an'unwatered condition

.exists.  The annular area between the liner and existing cenduit. would then be

grouted with concrete,



POWERHOQUSE
General

The existing outlet structure consisting of concrete retaining walls and a
tailrace apron would be demolished and replaced with a powerhouse structure.
At that point, the penstock would be bifurcated as shown on Plate 16, One
section would direct flows into the turbine via the spiral case, the other would
serve as the flood control bypass. Both sections, each equipped with gates,
would control flows either in one or both directions as warranted by operating
conditions.

As the powerhouse structure would be submerged during flood storage
levels of the West Branch Reservoir, to obtain the most economical reinforced
concrete structure, a circular form was selected and would apply for elevations
above 590 feet NGVD, Below that level the substructure would be rectangular
in shape. Also, due to the partial submergence of the building, an indoor power
facility as opposed to outdoor or semi-indoor was selected.

A virtually continuous bedrock outcrop with thin, patch overburden cover
exists in this area. Boring and testing data presented in the Design Memoranda
for Colebrook River Lake Dam indicate that bedrock is a competent gneiss and
granite sequence which would provide adequate support for the anticipated
structure.

Mechanical Equipment

The major electromechanical components of the power plant are the
intake valve, turbine, generator, draft tube, draft tube gates, flood bypass gate,
control and protection equipment. Other miscellaneous plant equipment
required for normal operation and maintenance of the power plant includes:
bridge crane, station light and power systems, fire protection system, heating
and ventilating equipment, potable water system and sanitary facilities.

Turbines - The utilization of a single, vertical, propeller Kaplan runner
turbine equipped with wicket gates for controlling flow into the turbine was
considered most suitable to the site, and would apply for Alternatives ], 2 and
4, For Alternatives 3 and 5, reversible pump turbines would be required. A
single unit versus multiple units was considered applicable because the down-
stream West Branch Reservoir would serve as a reregulating reservoir, avoiding
the need to be able to generate under a wide range of flows and permitting
intermittent single unit operation at near optimum discharge.

The tailwater elevation can fluctuate 31 feet, therefore, an adjustable
" blade (Kaplan) unit was chosen due to its higher operating efficiency under a
varying range, 60 to 140 percent, of design head. The Kaplan unit equipped
with wicket gates can also operate quite efficiently under varying discharges,
40 to 105 percent, of design capacity.



For Alternative 2 the turbine would have a throat diameter of 4.6
feet. Assuming a combined turbine and generator efficiency of 80 percent, the
output of the generator would be approximately 3.5 Mw,

The selection of turbine size was based on the capacity of a steel-
lined outlet works used as a penstock, the monthly flow.characteristics at-
Colebrook River Lake and the head differential between Colebrook: River Lake
and West Branch Reservoir. The selected capacity was adequate to harness.:
practically all hydropower energy potential of the site at a reasonable.average
annual plant factor. Further optimization of selected turbine:style or configu~
ration:and installed capacity may result with more detailed design studies.

Miscellaneous Mechanical Equipment - For the normal operation and
maintenance of the power plant, other major mechanical equipment is required -
and their purpose is as follows:

1. The shutoff control of intake water into the spiral case would be by
a hydraulically operated butterfly valve supplied with the turbine package.

2. Flow of water through the turbine would be controlled by means.of
wicket gates mounted in the water passage at the turbine.

3.. Control of water flow in the flood control bypass would be accom-~
plished by a hydraulically operated slide gate.

4, A bridge crane would be provided for placement. or removal of the
generator and turbine.

5. Standard ceiling-type exhaust fans would be provided for power-
house:cooling. As the generators are air-cooled, the fans would be sized to
maintain temperature limits using outdoor air only.

6. Draft tube gates would be provided to permit - dewatering of the..
turbine for periodic inspection and maintenance.. Unit dewatering would be:
accomplished with a submersible pump.

7. Stoplogs on the downstream face of the powerhouse would also. be-
included for emergency purposes.

Other miscellaneous mechanical equipment would be required, but for
this study, their costs are included either in the miscellaneous power plant
equipment or:in the contingency items.,

Electrical Equipment

General — Generators are either synchronous or induction types. The
synchronous unit is equipped for self-excitation and synchronization before
going onto the grid; whereas, the induction generator relies on power from: the
grid for excitation. Induction generators are somewhat cheaper in cost and
more applicable to small installations; however, utility companies are reluctant
to having numerous small units in the system capable of draining power from-
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the grid for excitation. Therefore, for this study, synchronous generators were
assumed for all alternatives. Generators would have rated capacities equal to
or greater than the rated turbine capacity and also be capable of operating
continuously at a 15 percent overload.

Generator and Breaker - The synchronous generator for Alternative 2
would be rated 4375 kilovolt amperes (Kva}, 0.8 power factor (PF), 3-phase, 60
hertz {Hz), 5.0 kilovolts (Kv), 900 revolutions per minute (rpm). A drip-proof
guarded enclosure would be provided for the generator. The generator would
have an 80° Celsius (C) rise Class B insulation system. It would also have full
runaway speed capability thereby eliminating the need for a disconnect
clutch, The generator breaker would he a metal-clad drawout type rated 250
megavolt amperes (Mva) (nominal), 7.5 Kv, 1200 amperes (amp) continuous.
Breakers would be in metal-clad switchgear together with generator surge
protection, instrument transformers, instruments and relays.

Excitation System - The excitation system for the unit would be of the
bus-fed, power potential source, static type; excitation power being derived
from the generator terminals. During starting, the generator field would be
automatically flashed (permitting generator voltage buildup) from a rectified
A-C station service source.

Unit Control and Protective Equipment ~ A complete complement of
generator protective relays (differential, overvoltage, overcurrent, etc.)
startup and shutdown controls and other unit control relays would be provided
in the metal-clad switchgear lineup containing the generator circuit breaker.
Synchronizing would be accomplished by speed switches. The generator breaker
would close at 95 percent speed with the static excitation system being
energized at 98 percent speed. The generator would be provided with
connected amortisseur windings to facilitate pull-in with the system. The
packaged unit would have electrical and mechanical protective devices, as
indicated on the main one line diagram, Plate 17.

Station Service - There would be two separate sources of station
service power. One source would be either from generator voltage or trans-
mission line; the other would be tapped from the common local 4.8 Kv distri-
bution line. Station service switchgear would be arranged to provide full
service from either source. Also, the former above source would supply station
service from the single unit when generation into the utility system is shut
down. Station service switchgear (4800 volts) would be included in generator
circuit breaker switchgear lineup. Station service power distribution would be
at 480 volts, 3-phase and 120/240 volts single phase.

Connection to Load-Transmission Lines - Normally, connection to a
power grid system is determined by an appropriate marketing agency under
DOE. However, as the cost of transmission facilities could drastically affect
the economic justification of a project, it was considered necessary to investi~
gate the cost associated with a possible tie into some grid system. Upon
consultation with the public utilities, a 3-phase 4.8 Kv overhead transmission
line tied directly to the local utility substation (Connecticut Light and Power
Company) at Robertsville, Connecticut was selected. That substation is
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approz, 1mate1y 2-1/2 miles from the powerhouse site. The power can normally
be.us¢d on:their local 4.8 Kv system, and any excess used on:their transmission.
';rk With this transmission system, there would be no need of a substation
i Colebrook River Lake powerhouse,

_ It should be emphasized that this tie into the gr:ld system at".
Ribertsville should not preclude the possibility of connecting to other points, as
the transmission cost was developed solely to demonstrate economic viability
of the project proposal. Prior-to final design, an investigation in conjunction
with the appropriate marketing agency to be established at.some future. time
will be made into using a. 68 Kv transmission line versus the 4.8 Kv line.

RECREATIONAL FACILITIES -~ MITIGATING MEASURES

Mitigating measures involving recreational facilities for Alternatives.2
and 3 would.include-raising the parking area of Colebrook River Lake Boat
Launching-Area by 4-feet and extending the boat ramp. For. Alternatives4.and
5 all facilities would require total relocation. Alternative 1 requires no change. .

RESERVOIR CLEARING

Colebrook River Lake is currently cleared to elevation 718 feet NGVD,
However; by increasing the normal full pool for Alternatives, 2, 3, 4 and 5:to
required elevations, additional acreages of clearing would be requlred.
Furthermore, additional clearing of acreage associated:with:.the contractor's
work area, the powerhouse and access road construction is considered minor
and has been omitted from evaluation at this time.

LAND AND DAMAGES

For Alternatives 1, 2 and .3 no additional real.estate-acquisition would be
required. Total land acreage affected by Alternatives 4 and:5'would consist.of.
350 acres, of which:160 acres would be purchased.in fee within the upper
extremities of the reservoir in Massachusetts. The remaining 190 acres:would-
be acquired as flowage easements, of which 60 acres are in Connecticut,.and .
the remaining 130-acres-in Massachusetts.

Im'provements or buildings to be purchased outright, and all located in
Sandisfield, Massachusetts, would involve nine residential dwellings-and one:
commercial unit.

Other items included in. the real estate acquisition would be the severance
damage, acquisition and relocation assistance costs..

Real estate acquisition costs were evaluated by use of the market data.or
sales -comparison approach. This approach involves a-comparison between the
subject properties and recent sales transactions of properties located. in the
vicinity of the project area.. Therefore, search.of records, as well as interviews.
with local officials, real estate brokers and appraisers, and other knowledgeable
persons for obtaining and substantiating the market data.and:value estimates:
were-conducted. The resultant total acquisition estimates appearing in Table-
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15 represent an unbiased judgment of the present fair market value of affected
properties within the project area.

PROJECT COSTS AND INVESTMENT

Total project investment costs were developed in accordance with estab-
lished engineering standards and reflect January 1981 price levels. Required
modification or alteration of project features as analyzed appear in Table 15 for
all five alternatives. Those costs include a contingency allowance for
unforeseen project conditions or uncontrollable factors. From previous
experience and knowledge of similar studies, the application of a 20 percent
contingency factor is considered to be adequate.

In addition, an overhead rate of 10 to 1ll.l percent, varying upon project
cost, and derived from comparative project studies undertaken within this
office applies for engineering and design. For supervision and administration
the percentage value is 8.5 to 8.6 percent of varying project cost, and was
extracted from a curve developed from cost performance data in the admini-
stration and supervision of civil construction work at NED. No interest during
construction was considered as the construction period would be less than two
years. Finally, the cost items, as identified in column 1, Table 15 have been
grouped to conform, as closely as possible, to the FERC's cost accounting
system.



TABLE 15

TOTAL PROJECT COSTS AND INVESTMENT

COLEBROOK RIVER LAKE

OL-A

ITEMS Alternative 1 Alternative 2 Altérnative 3 © Alternative 4 Alternative 5

Structures & Improvements $1,085,000 $1,110,000 $1,110,000 $1,110,000 $ 1,110,000
Reservoirs, Dams & Waterways 1,035,000 935,000 935,000 2,635,000 2,635,000
Turbine & Generators 800,000 800,000 1,380,000 800,000 1,380,000
Station Electrical Equipment 275,000 330,000 330,000 360,000 360,000
Mise.Power Plant Equipment 80,000 90,000 90,000 100,000 106,000
Transmission Lines 400,000 440,000 440,000 470;000 470,000
Mitigation Measures 0 200,000 200,000 270,000 270,000
Reservoir Clearing 0 80,000 80,000 220,000 220,000
Construction Cost - SUBTOTAL $3,675,000 $3,985,000 $4,565,000 $5,965,000 $6,545,000
Contingencies 20% 735,000 797,000 913,000 1,193,000 1,309,000
SUBTOTAL $4,410,000 $4,782,000 55,478,000 $7,158,000 $ 7,854,000
Engineering and Design 490,000 526,000 592,000 744,000 785,000
Supervision and Administration 379,000 409,000 468,000 608,000 668,000
SUBTOTAL $5,279,000 $5,717,000 $6,538,000 $8,510,000'. $ 9,307,000
Land and Damages 0 0 0. 770,000 770,000
TOTAL PROJECT FIRST COSTS 35,279,000 §5,717,000 : $6,538,0Q0 ; $9,280,000 $10,077,000
(ROUNDED) $5,280,000 $5,720,000 $6, 540,000 f  $9,280,000 -‘ $10,080,000

INTEREST DURING CONSTRUCTION 0 0 0 0 0
TOTAL INVESTMENT COSTS $5,280,000 $5,720,000 $6,540,000 $9,280,000 $10:980,000

,




Study Schedule

GENERAL

The planning schedule would be contingent upon adequate funds. It would
commence in October 1981 with the final report, consisting of a main report,
appendices, and an EIS, if one is necessary, completed by 1 April 1983, The
feasibility report in draft form would be available for review by the Office of
the Chief of Engineers {OCE) on 1 October 1982. With appropriate revisions
the report would than be released in January 1983 for the public and agencies
review, and published in the Federal Register. In this time frame, a final public
meeting would be held. By 1 March 1983, final revisions and comments as
needed would be initiated and completed by 1 April1983, at which time Stage 3
planning process would be terminated with the submission of the final report
subsequently forwarded to Congress with appropriate recommendations.

A bar graph illulstrating the sequence of planning events is attached as
Figure 4, ‘A brief and general descriptive coverage of each major study
element involving Stage 3 planning process is included in the following
paragraphs.

PUBLIC INVOLVEMENT

Significant in the direction of the study effort will be a public
involvement program for channeling study information to all interested parties,
and funneling their responses to this agency which is responsible for conducting
the study. The objectives and strategy of the public participation program are
further discussed in Section VII of the text.

It is envisioned that two individual public meetings would adequately and
objectively satisfy the needs of the public, The first would be scheduled possi-
bly the third week of September 1981, and would be held in Connecticut,
possibly Winsted. The second public meeting would be scheduled during the
review period of the final Stage 3 report, occurring in fall 1982, Additional
workshop meetings with local and other interested groups would be heid during
the study period as required.

An immediate task would be the preparation of a mailing list with subse-
quent periodic updating as required. To assist in informing the public, display
material and information "handouts" for use in meetings and workshops would
be prepared and revised as the study progresses. Another task of equal impor-
tance would be preparation of letter replies to inquiries, and other informative
data for public dissemination.

The Public Involvement Program would he generally considered an on-off

assignment requiring periodic involvement, and is so reflected in the bar graph
scheduling of Figure 4,
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AGENCIES COORDINATION

Each phase of the final feasibility study will be fully coordinated with
other Federal, State, regional and local agencies having a vested interest in the
planning or development of water resources within the study area. Agencies
that would logically participate and provide input, and some of their delegated
responsibilities are as follows:

Federal

Under the provision of Section 5 of the Flood Control Act of 1944 (P.L,
534, 78th Congress) and other acts, power developed at multiple-use reservoirs
under the jurisdiction of the Corps of Engineers is turned over to the Secretary
of Energy for marketing. The Department of Energy (DOE) agency that would

market the power from Colebrook River Lake would be established at some fu- '

ture time. The rates set by the marketing agency would be approved by the
Federal Energy Regulatory Commission (FERC), which would be responsible for
all the elements involved in determining power values. Therefcre, the Corps
would coordinate with FERC in evaluating power benefits on the basis of unit
power values to be developed by FERC and would also coordinate with the
appropriate marketing agency for power marketability.

Under the Fish and Wildlife Coordination Act of 1958 {P.L. 85-264}, as
amended, fish and wildlife conservation has already received consideration with
the project features of the existing Colebrook River Lake. However, possible
effects on the fish and wildlife resources due to addition of hydropower as a
project purpose and opportunities for mitigation would need to be examined.
under the Act. Therefore, this study would be appropriately coordinated with -
the U.S. Fish and Wildlife Service, and also with the agencies administering the
fish and wildlife resources of the State of Connectlcut and the Commonwealth
of Massachusetts.

There are various other Federal agencies that would have major inputs to
this study, and upon which coordination would be a prerequisite. For instance,
the Environmental Protection Agency (EPA) would be involved with environ-
mental considerations particularly as they pertain to water quality, and posmbly
other concerns. The Advisory Council on Historic Preservation would wish to
evaluate the considerations of cultural resources. As the study progresses,
other Federal agencies could possibly become more actively involved, perhaps
under other statutes, such as the Federal Water Project Recreation Act of 1965
(P.L. 89-72) as amended, for recreational consideration of project use.

State

Environmental agencies of both states, namely the Commonwealth of
Massachusetts, Division of Fisheries and Wildlife, and the Connecticut Depart-
ment of Environmental Protection (DEP), have been apprised of our study. Per
letters attached as Appendix A and B, respectively, both agencies have
commented on the five alternatives under consideration. Ongoing coordination
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and cooperation with those agencies would continue and be expanded to include
other State agencies having a vested interest in the project.

Regional

Coordination efforts would also be extended to include regional agencies
and organization such as the New England Regional Commission (NERCOM),
the New England River Basins Commission (NERBC), the Connecticut River
Flood Control Compact Commission, The Farmington River Watershed Associa-
tion and others. These agencies have either shown a degree of interest in the
development of nonfossil and renewable energy resources, or have the capabili-
ty and willingness to become actively involved in the planning activities, and
could be effectual in seeing that an acceptable plan is readily implemented.
Therefore, coordinated efforts and cooperation with those regional agencies in
seeking their advice, assistance and support would be pursued.

lL.ocal

The planning activities would also be coordinated with local government
and local regional planning agencies and the Hartford MDC, The latter, a
municipal corporation created by the Connecticut State Legislature, has as one
of its primary functions the task of supplying the water needs for the city of
Hartford and numerous nearby towns. As future water supply needs would be
partly met from storage at Colebrook River l.ake where the Hartford MDC has
cost shared in the construction of that project for an equivalent 10 billion
gallons of water supply storage, the Hartford MDC has a prevailing interest in
the project. Furthermore, as reserved water supply, storage and flow releases
through the existing conduit would be utilized for hydropower, resulting in cost
sharing of joint use facilities, their interest would be intensified. Therefore,
ongoing cooperation and coordination would be maintained and expanded to
actively solicit their opinions and perceptions of problems, issues, concerns, and
objectives; and their preferences regarding resource use and aiternative
development or management strategies.

IMPACT ANALYSIS STUDIES
The major features of this work element would consist of the overall
study management in the preparation of the EIS, It would include scoping, and

coordination and would embrace the following tasks:

Environmental

The environmental studies would include the development of the EIS,
These studies would produce a draft EIS to be filed for agency and public
review and published in the Federal Register by the second quarter of Fiscal
Year 1983. Following the National Environmental Policy Act (NEPA) review,
the final EIS would be prepared and forwarded to OCE for appropriate action.
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Social

The major task for social input would involve the preparation of the social
well-being portion of the social and cultural resources appendix. Any new data
provided on project alternatives would also receive consideration for updating
and refining current study input. A more detailed assessment of project alter-
natives would also be an anticipated activity,

Historic and Archaeological Resources

Depending upon the alternative, associated cultural resource activities
could range from a simple coordination endeavor with relevant State and
Federal agencies to a cultural resource reconnaissance effort.

Recreation and Natural Resources

This study element would include a background analysis of recreation
resources, supply, demand and needs in the project area, and an assessment of
the recreation options for each of the alternative plans under consideration.
Recommendations for optimum recreation development, costs, benefits, man-
agement and cost sharing would be discussed,

Fish and Wildlife

In compliance with the Fish and Wildlife Coordination Act of 1958 and
Section 7 of the Endangered Species Act of 1973, the Fish and Wildlife Service
of the Department of the Interior, under contract with this office, would
provide consultation and recommendation in matters relating to fish and
wildlife resources, including any effects on threatened and endangered species
resulting from the project proposal.

ECONOMIC ANALYSIS

Required tasks relating to this element would be as follows: (1)
coordinate with FERC to determine whether or not a value for dependable
capacity for Alternatives 3 and 5 {reversible units} would be allowed; (2)
obtain from FERC current dollar values for capacity (if allowable) and energy
values to compute power benefits; (3) compute employment benefits based on
the local labor component of construction cost; (4) compute and discuss
benefit-to-cost (B/C) ratios and net benefits for each alternative; {5) perform
relative price shift analysis and sensitivity analysis; (6) perform analyses to
maximize net benefits for plans with positive B/C ratios; (7) discuss power
marketing; (8) discuss and perform allocation of costs and charges among
users for storage and joint facility use; (9) perform incremental analysis (if
required); (10) write and display summary of economic analysis with rationale
for the selected plan.
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HYDROLOGY, HYD_RAULICS AND WATER QUALITY ANALYSIS

It is envisioned that hydrological and hydraulic engineering studies
required for Stage 3 would involve: sequential project operation and loading
studies; resulting pool fluctuation and flow analyses; Colebrook River Lake
operation as part of the Farmington River reservoir system; dependable and
intermittent capacity assessment at Colebrook River Lake; and miscellaneous
other tasks required in the formulation process of the hydroelectric power
potential.

Water quality engineering studies would include the collection of baseline
water quality data for the characterization of existing conditions, and for the
calibration of a mathematical reservoir temperature and dissolved oxygen
model. Water quality conditions in both reservoirs and downstream as influ-
enced by the modified operating schemes would be predicted. Information
concerning predictable conditions and impacts would serve as input to the
environmental impact studies.

‘GEOTECHNICAL INVESTIGATIONS

Major geotechnical efforts for Stage 3 report would primarily be geared
to providing professional services and support to the engineering design units in
matters relating to geotechnical features. Other principal functions for report
input would involve: research and assimilation of stability and foundation data;
additional field reconnaissance of proposed project features; updating and
revising "as-built" drawings; and preparing new drawings as required.

DESIGN AND COST ESTIMATES

The objective of this technical element would be to refine and to detail
the design features, and to cost estimate the proposals involving both the
National Economic Development (NED) and Environmental Quality (EQ) plans.

Design efforts would include input from the structural, mechanical,
electrical and civil engineering fields of expertise with guidance provided by
geotechnical engineers and by hydrologists. Major design features to be
investigated in greater detail would include the generators, mechanical and
electrical equipment, various closure gates, trash rack, and the powerhouse
structure.

In consultation with various manufacturing firms, and other Corps offices
if the need should arise, the optimum type of generating unit and appurtenant
components conducive to project efficiency would be selected and detailed
accordingly. Some further design efforts would also be spent on selecting the
type, size and location of the various control structures and gates, Structural
analysis of the powerhouse would include structural stability as well as sizing of
some of the critical structural elements of the power plant. An analysis of the
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penstock would also be undertaken to ascertain the need for a lining as well as
to provide for a more accurate cost. As the access road has been already
investigated rather extensively, there would be no need for additional extensive
refinement. :

The project proposals involving the NED and EQ) plans would be detailed
accordingly and costed. If and wherever applicable, cost estimates would
include an update or adjustment of current costs developed as part of this
preliminary feasibility report.

REAL ESTATE STUDIES

The task examining the fair market value of the real estate interests and
allied real estate costs for the acquisition of additional lands and improvements
required for hydropower modification of the Colebrook River Lake Project has
been substantially completed. Further work input would consist of preparing a
revised cost update to reflect current price levels, and assimilating supporting
data for replies to public inquiries. '

PLAN FORMULATION

The objectives of the plan formulation process would be to develop within
the framework of the Principles and Standards {(P&S) both an NED and EQ) plan
that would sustain hydroelectric power potential as an integral part of the
project purpose while enhancing, preserving and maintaining the water and
related land resources of the project area. '

Currently five alternatives are under consideration with one alternative
chosen as the "most likely" selected plan. As that selection was based solely on
the cost (mills/Kwh) at which power could be sold and on limited environmental
considerations, only three alternatives (1, 2 and 4) were part of the initial
formulation process. However, Alternatives 3 and 5 involving reversible units
were held in abeyance pending a final determination of pumping costs, and
whether or not power capacity values would be allowed. Subsequent studies
would undertake the task of substantiating those preliminary findings, and of
developing plans that would contribute to NED and EQ objectives. Those objec~
tives would be readily achieved primarily by a sequence of events as described
in the following paragraphs.

While the potential power values (energy and capacity) that could be
credited to the project are being determined by DOE, the design features of
Alternative 2 would be examined more closely, refined wherever needed, and
the related costs updated and annualized. The basic data as developed and
verified for Alternative 2 would be used on a comparative basis to adjust the
features of Alternatives 1 and 4, with an update and annualization of costs. As
the power values become available an evaluation as to whether Alternatives 3
and 5 warrant further investigation would be made on the basis of capacity and
associated pumping cost values, If credit values are disallowed by DOE,
Alternatives 3 and 5 would cease to be considered; otherwise their evaluation
including refinement of costs and annualization would be warranted. At this
point, it would be assumed that all costs and benefits resulting from the
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evaluation procedure would be relative. In addition, the impact analysis studies
for all five alternatives would be concurrently pursued.

The next planning phase would be the plan formulation process involving
all alternatives that could be justifiably retained. Those alternatives would be
initially rated according to economic justification including incremental cost
analyses. The development of a plan or plans that contributes to the NED and
EQ objectives would be generated through an iteration process involving a
display of all associated impacts and economic justification. The ensuing
recommended NED and EQ plan(s) would then be finalized, The finalized proc-
ess would involve a final refinement of project features, if the need exists,
latest update of cost and annualization figures, and preparation of plans of
sufficient detail to satisfy the requirements of a feasibility report.

STUDY MANAGEMENT

The overall management responsibility for preparation of the feasibility
report would continue to be contained within the Hydroelectric Energy Studies
Branch (HESB} of the Planning Division of NED. Assistance and guidance would
also be provided by a study team composed of a group of experts well versed in
various study disciplines within NED,

The study management would be accountable for the accomplishment of
all project tasks required for report preparation. Major management functions
would consist of: (1) establishing schedules of support services, participating
in the formulation of project plans and any subsequent modifications, and moni-
toring the contents and delivery of data; (2) establishing public involvement
programs with the public, Federal, regional, State and local agencies; and (3)
programming, allocating and accounting of funds required for study completion.

vI-7



Economic Analysis

GENERAL

This section of the report contains the financial feasibility analysis of the five
proposed hydroelectric alternative plans at Colebrook River Lake. The analysis
procedures involve cost sharing of the proposed hydropower addition to the project
purposes. A simplistic relative price shift analysis has been applied to emphasize the
increasing cost of alternative fuel which would be displaced by hydropower., The section
also includes a discussion of the marketability of hydropower produced by a Federal
installation in order to.display the value of energy produced by the various alternatives.

COSTS AND CHARGES

Table 16 shows the annualization of project costs for all alternative plans. The
total project costs and investment for modifying or altering existing Colebrook River
Lake facilities for hydropower adaptation appears in greater detail in Table 15 of Section
V.

The annualization of project costs is based on a capital recovery factor reflecting
an interest rate of 7-3/8 percent with amortization over a 50-year life of the project.
Included in the annual charges are allowances for operation and maintenance, and major
replacements.

Since the analysis attempts to ascertain preliminary economic justification via the
benefit-cost ratio, the current Federal interest rate of 7-3/8 percent was employed. At
a later stage of the study a financial repayment analysis will be performed by the
marketing agency. This will involve repayment of construction costs allocable to
hydropower purposes, through marketed power, based on an interest rate determined by
the Department of the Treasury for the Department of Energy {current rate: 8/5
percent).

As operation of the Colebrook River Lake hydropower project would result in
increased regulation procedures at Goodwin Dam, an annual contingency cost above
current operating expenditures would be required and chargeable to the hydroelectric
development proposal. Operating procedures would be vested with the Hartford MDC on
a reimbursable basis. An annual cost of $2500, as tentatively submitted by the Hartford
MDC and concurred with by this office, appears adequate at this time. In addition, the
operation and maintenance for Colebrook River Lake would include costs as shown in
Table 16, for staffing (an additional person), materials and supplies, and minor
maintenance work.

Major replacement represents an allowance for project items deemed to have a
usable life less than that of the project. Major items would include gates and their
mechanism, miscellaneous minor turbine and generator parts, and electrical and
mechanical equipment associated with hydropower facilities that would require periodic
replacement.
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TABLE 16

TOTAL PROJECT INVESTMENT COSTS AND ANNUAL CHARGES

COLEBROOK RIVER LAKE

Alternative 1  Alternative 2 Alternative 3 Alternative 4 Alternative 5

TOTAL PROJECT

INVESTMENT COSTS $5,280,000
ANNUALIZATION

Interest and

Amortization 400,800
Operation and

Maintenance

(Goodwin) 2,500

(Colebrook) 30,000
Major Replacement 2,400
Pumping Cost

$ 435,700

$5,720,000 $6,540,000
434,200 469,500
2,500 2,500
30,000 - 35,000
2,500 3,500

) ' *
$ 469,200 $ 537,500

$10,080,000

$9,280,000
704,400 765,200
2,500 2,500
30,000 35,000
5,600 6,700
| K (4K
$ 742,500

$ 809,200

*Assuming that the net annual energy production would be equal to that of Alternative 2
(**Alternative 4), and that there would be no net gain or loss due to pumping operations,
i.e., the difference in the cost of energy for pumping and the value of added generated

energy would be sufficient to offset the energy losses in the operation.




COST ALLOCATION

Under existing conditions, a water transfer conduit serving the dual
purposes of flood control and water supply is being cost shared by the Federal
Government and the Hartford MDC. Under the proposed plans, an additional
purpose, hydropower, will be introduced and will share the use of the conduit.
Thus, as the study progresses, a new cost sharing arrangement will have to be
determined for use of storage and joint use of Government facilities,

BENEFITS

As this is a preliminary feasibility report and the installed capacity of
each alternative is relatively small, the resource cost of the most likely
alternative will not be used as a measure of the benefit to the hydroplant. The
project benefit will ultimately be determined by the amount for which the
power can be sold to a public body, a power cooperative or private utility, Due
to the variability of costs of energy production and the preliminary nature of
this report, an array of benefits was developed based on a range of 40 to 80
mills (4 to 8 cents} per Kwh. ‘

The figure of 40 mills per Kwh is an approximation of the present day
value, All benefits were derived by multiplying the annual energy output of the
plant by the unit energy value. Table 17, which follows, displays the array of
annual benefits, the annual cost and B/C ratios for the alternative plans.
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ANNUAL BENEFITS:AND COSTS AND BENEFITSTO=COST RATIQS

Energy Benefit = Annual Cost: Benefit/Cost

Mills/Kwh. ($) ($). Ratio
40. 324,000 74
50 405,000 93
Alternative 1. 60 486,000 435,700 L12
70 567,000 .35
80 648,000 : 1.49
40 544,000 L16
50- 680,000 1.45.
Alternative 2. 60 816,000 469,200 .74
70 952,000 2.03
80 1,088,000 2,32
40 544,000
50 680,000
Alternative 3 60 816,000 537,500
70 952,000
80 1,088,000
40 756,000 1.02.
50° 945,000 1,27
Alternative 4’ 60 1,134,000 742,500 1.53:
70 1,232,000 1,78
80 1,512,000 2,04
40 , 756,000
50 945,000
Alternative 5 60. 1,134,000 809,400
70. 1,323,000
80 1,512,000

Alternatives 3:and 5 may also.provide:for dependable capacity. At the-present level of
analysis.this potential credit is not quantified.
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RELATIVE PRICE SHIFT ANALYSIS

The Manual of Procedures for Evalution of National Economic Develop-
ment (NED) Benefits and Costs in Water Resource Planning-Level C (Water
Resource Council) states that "benefits may vary over the life of a project.”
One of the chief reasons for this variation (if the most likely alternative to the
project is a thermal plant) is real escalation in fuel costs, If it is assumed that
the price range of power used in this study is similar to the value of power
produced by oil-fired plants, a relative price shift analysis can be undertaken,
To ensure efficiency in the use of planning resources for such small scale
hydropower projects, this analysis has been undertaken using a very simplistic
approach. Despite these simplifications, the relative price shift analysis proves
to be a useful tool by emphasizing the increasing cost of fuel that would be
displaced by hydropower generation.

The energy price projections employed are those published by the Depart-
ment of Energy (Federal Register/Vol. 45, No, 16/Jan 23,1980). Fuel prices
(distillate, industrial sector) are per million Btu (British thermal unit) in 1980
dollars for DOE Region One {New England). Projections are annual charges
calculated in five year increments from 1980 to 1995, and are as follows:

Price Per Energy Price Escalation Rate
Year Million Btu's (Percent Change Compounded Annually)
1980 6.22
1980-1985: 1.32
1985 6.64
1985-1990: 1.95
1990 7.32
' 1990-1995: 3,66
1995 8.76

It was ascertained from various sources that roughly 80 percent of the
cost of energy production for a thermal plant is fuel. For purposes of analysis,
80 percent of each power value in the range from 40 mills to 80 mills was
increased by the appropriate percentage annually to 1995, After escalation,
the fuel portion and nonfuel portion (20 percent) were combined. The value at
1995 was assumed to exist until the 50th year of project life. Escalated energy
values for each year of project life were then discounted and annualized over
the 50-year period resulting in a levelized energy value applicable annually.
The escalated base energy values are displayed as follows:

Base Value 40 Mills 50 Mills 60 Mills 70 Mills 80 Mills
Escalated Value @ 1985 42.2 52.7 63.3 73.8 84.3
Escalated Value @ 1990 45.6 57 68.5 79.9 91.2
Escalated Value @ 1995 53 66.3 79.6 92.9 106
Levelized Energy Value 49.6 62.0 74.5 86.9 99.1
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The relative price shift analysis shows that the level of benefits =
associgted with the hydro project increases as energy costs rise, The-economic
efficiency of the hydro project (compared to a thermal alternative) is
enhanced. The results of the relative price shift analysis are displayed in Table
18.

TABLE 18

RELATIVE PRICE SHIFT ANALYSIS

Without Relative Price Shift ‘ With Relative Price Shift
Energy Totatl . Energy Total
Value: Benefits Benefit/Cost Value  Benefits Benefit/Cost:
(Mills/Kwh) - ($) - Ratio  (Mills/Kwh) ($} Ratio
S _ Alternative 1 ‘ '

40 324,000 74 49,6 401,800 92
50 405,000 .93 62.0 502,200 L15 -
60 486,000 .12 74.5 603,500 L399
70. 567,000 1.35 86.9 703,900 1.62

80 648,000 1.49 99.1 802,700 1.84

Alternative 2

40 544,000 116 49.6 674,600 144
50 680,000 1.45. 62.0 843,200° 1.80
60 816,000 174 74.5 1,013,200 216
76 952,000 2.03 86.9 1,181,800 2.52
80 1,088,000 232 99.1 1,347,800 2.87

Alternative 4

40. 756,000 1.02 49.6 - 937,400. 1.26.
50" 945,000 1.27 62.0 1,171,800 1.58
60° 1,134,000 . 153 74.5 1,408,100 .90
70- 1,323,000 .78 86.9° 1,642,400 2.21
80 1,512,000 2.04 99.1 1,873,000: 2.52
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MARKETABILITY

The electrical energy produced at Colebrook River Lake would not be sold
by the Corps of Engineers, Under Federal law, power generated at Corps pro-
jects is marketed by the Department of Energy to public bodies, power cooper-
atives and private utilities. Although electricity is not sold directly to the
consumer, the underlying goal of all Corps hydroelectric projects is to provide
power to consumers at the lowest possible rates, Rates are set by the
marketing agency and approved by the Federal Energy Regulatory Commis-
sion. The marketing agency that would serve New England would be established
at some future time.

PROJECT FEASIBILITY

The installed capacity and annual energy production of each alternative is
relatively small when compared to total system load. Therefore variations in
the operation of either alternative would have little or no impact on the opera-
tion of the total power system. In effect the output of the alternatives could
be classified as secondary energy, usable for thermal energy displacement
whenever energy is available. At present, Alternative 1 would displace 11,400
barrels of oil per year; Alternatives 2 and 3 19,200 barrels; Alternatives 4 and 5
26,700 barrels of oil yearly.

Examination of the B/C criteria shows that for all but one of the alter-
natives, ratios exceed unity even at the lowest energy values. Table 19 below
presents a sensitivity analysis that indicates at what value energy would have
to be sold for each alternative to be economically justified.

TABLE 19

ECONOMIC JUSTIFICATION

Energy Annual Annual Benefit
Value Benefit* Cost Cost
(Mills/Kwh) ($) ($) Ratio
Alternative 1 40 324,000 435,700 T4
(Energy=8,100 Mwh) 50 405,000 435,700 .93
60 486,000 435,700 1.12
53.8 435,700 435,700 1.00
Alternative 2 40 544,000 469,200 1.16
(Energy=13,600 Mwh) 34.5 469,200 469,200 1,00
Alternative 4 40 756,000 742,500 1.02
(Energy=18,900 Mwh) 39.3 742,500 742,500 1.00

* Annual Benefit = Energy Value x Energy (Mwh)
Power produced from Alternative 1 would have to be sold at 53.8 mills

per Kwh for project justification; Alternative 2 at 34.5 mills per Kwh;
Alternative 4 at 39.3 mills per Kwh for economic justification.
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For Alternatives 3:and 5 reversible turbines would be included for more
flexibile :and dependable project operation. Physical conditions at the-project
:site appear favorable for pumped storage. As the study progresses, further
-analysis may enable a quantification of the value of -the dependable capacity
provided, Table 20 displays the incremental costs that swould be incurred 4f
dependable capacity were included. '

TABLE 20
COST OF DEPENDABLE CAPACITY

Alternative 3 Alternative 2  Incremental Cost

jArmual Cost $537,500 ~ $469,200 = $68,300

Dependable Capacity 2,000 Kw

Cost Per Kw of Dependable Capacity (Alternative 3) 68,300 = $34.15
; 2,000

Alternative 5  Alternative 4 Incremental Cost

Annual Cost $809,400 - $742,500 = $66,900

Dependable Capacity 2,500 Kw

Cost Per Kw of Dependable Capacity (Alternative 5) 66,900 = $26.76
2,500
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Public Participation Program

OBJECTIVES

The public participation program is intended to provide a continuous two-
way communication process to maximize the opportunity for the public to be
involved in overall planning, to be aware of the study progress, and to make
decisions that would impact on their social well-being. In its broadest sense, the
~ "public" would consist of non-Corps of Engineers entities, such as, Federal, State,

local and regional agencies as well as public and private organizations and
individual citizens, Inasmuch as major decisions made thoughout the conduct of
the study would be based upon some expressed needs and desires of local, county,
State and regional officials and the general public, it is necessary to establish a
mechanism to channel information to interested participants and to funnel their
responses to those responsible for conducting the study, which in this case is the
New England Division, Corps of Engineers.

STRATEGY

To be effective a public involvement program must be continuous throughout
the entire planning procedure. Major components constituting a productive pro-
gram are: dissemination of information through brochures, information sheets and
reports; solicitation of responses through mail-back forms and discussions,
meetings and workshops; utilization of the media to publicize events and infor-
mation; and cooperation of the public with a study advisory committee.

Total adherence to each of those elements is a policy promulgated for all
Corps planning studies. However, upon initiation of this preliminary feasibility
study, there was general agreement that certain modification to the public
involvement program would be required to accelerate the study program. Using
that approach caution would have to be taken that the planning objectives
established under the Water Resources Council's Principles and Standards and the
National Environmental Policy Act were not violated and that the process would
also be totally responsive to the nation's energy needs and objectives.

The strategy devised for the public involvement program and for evaluation
of the project viability included the following basic assumptions and criteria:

1. The addition of hydropower at Colebrook would be site specific, rather
than an investigation of basin-wide resources.

2. The project study would have to determine the engineering practicability
and economic feasibility of the added purpose. If positive results were generated,
a fast-track policy involving an accelerated planning process combining Stages 1
and 2 would be established with appropriate recommendations. Otherwise, further
studies including an expanded public involvement program would be obviated
thereby resulting in a savings in time and funds.
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3. The'study would be coordinated with the Hartford MDC, State agencies
of'bath Massachusetts-and Connecticut and public and municipal electric
agencies. It should be noted that during the study process, the Connecticut River
Flood.Control Compact Commission and the Honorable: Anthony T. Moffet’s office:
of the:6th Connecticut Congressional District were apprised of the study findings.

Total future commitment to the public involvement program for Stage .3 will
be expanded in accordance with stated objectives upon release of the preliminary.
feasibility report to the public in February 1981. At such time, the Corps will’
coordinate its work with the involved States, the Hartford MDC, local officials
and the public who will be apprised of the study progress. During Stage 3, the
Corps will use the media for the dissemination of progress information.. Meetings
with-all coricerned parties will be held at appropriate times as a forum for the
exchange of ideas. Although the public involvement activities will concentrate on
identifying and evaluating all the possible impacts that would be associated with
the: most .likely selected alternative plan, the involvement process will not
preclude or.obviate other alternatives currently considered marginally justified
and/or unacceptable.

Public response on the various alternatives will be sought so that the final
plan:selected as the most likely viable alternative is truly in the best interest of
the public. Any areas of disagreement including trade-off analyses based on
subjective: judgment will be considered and resolved to reflect public preferences;.
mutual satisfaction and total acceptability.
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Conclusions

DISCUSSION

As shown by the benefit-to-cost analysis, two of the five alternatives are
economically justified, namely, Alternatives 2 and 4. The former, having minor
socioeconomic and environmental impacts, could possibly maximize net bene-
fits. The latter would optimize the energy production of the site but the
incurred socioeconomic and environmental damages would be far more pro-
nounced and objectionable,

With the introduction of the relative price shift concept, the rising cost
of fuel, and the possible exclusion of the proposed steel liner within the existing
10-foot conduit, even Alternative 1, currently having a marginal B/C ratio,
could become financially favorable with further study refinements. If credit
for dependable capacity were allowed, either as a benefit or credit reduction in
project costs, retention of Alternatives 3 and 5 to supersede Alternatives 2 and
4, respectively, for further evaluation would be warranted.

Although Alternative 2 appears to be the most logical choice for further
evaluation, it would be premature to obviate all other alternatives at this
time. Neither would it be judicious to categorize Alternative 2 as the plan that
should be ultimately implemented. That final decision should rest with the next
study phase, Stage 3. At such time, power values would be officially deter-
mined and finalized by DOE, Then an economic analysis of comparative costs
and benefits for all alternatives, supplemented by input from a public
involvement program and from the environmental assessment, would provide
the proper forum for a final determination of the most justifiable and
acceptable alternative. Pending a final determination, Alternative 2 is being
retained as the most favorable likely alternative at this time.

The electric hydropower generation to be produced by Alternative 2, as
well as by all other alternatives, would originate from the proposed powerhouse
to be located at the exit of the existing outlet conduit. With a vertical Kaplan
unit and a 90-foot design head, Alternative 2 would provide a 3.5 Mw instal-
lation, resulting in a design hydraulic capacity of 570 cfs. The computed
average annual energy generation would be about 13,600 Mwh at an average
annual plant factor of 44 percent.

As estimated, the total project investment cost is $5,720,000 with annual
charges of $469,200, reflecting an energy cost of approximately 34.5 mills/
Kwh. The oil displacement would be 19,200 barrels annually. Table 21 presents
a summarized version of this data as applicable to all alternatives.
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TABLE 33

Alter- ... Design Abnidl Ol ivebtient  Awiual  Enékgy
native  Turbine Tipe _Capacity Head Enérpy Savings  ,.Cost  Charges = Cost Remiarks
| (cfs) (Mw) ~ (f0) (Mwh) (barrels)  ($1000) ($)  (Mills/Rwh)  ($/Kw)

1 Vertical Kaplan 614 2.5 60 8,00 11,400 5,280 435,700 53.8
2 Vertical Kaplan 570 3.5 90 13,600 19,200 5,720 469,200 345
3 Reversible Pump 570 3.5 90 13,600 19,200 6,540 537,500 - 34.15%

4 Vertical Kaplan 590 4.0 00 18,900 26,700 §:280 742,500 39.3

5 Reversible Pump 590 4.0 100 18,900 26,700 10,080 809,400 - 26.76%

*Represents the tnit valie ($/Kw) required for econdinic justification wete dépendabls capacity mclided.




RECOMMENDATION

The installed capacity and annual energy production to be derived from
any of the five alternatives evaluated at Colebrook River Lake is relatively
small when compared to the total system load. Variations in the mode of
operation would also have little or no impact on the operation of the total
power system. In effect, the output of any of the alternatives is considered
principally an energy producing, "fuel saving" type project that could be
classified as secondary energy, usable for thermal energy displacement.

In considering the oil equivalency saved annually, any amount, as shown in
Table 21, for each alternative is miniscule as compared to the total annual
consumptive use of the region. However, if the region is to eventually achieve
self-sufficiency in energy, thereby unshackling itself from its dependency on
foreign oil, this hydropower potential could be a step in that direction.

That contention would further be supported by results of the economic
analysis derived from this study. Those results indicate that hydropower as an
addition to the Colebrook River Lake project is economically justified, and can-
be socially and environmentally acceptable when involving Alternative 2.
However, as previously noted, it would also be premature to dismiss the other
alternatives at this time without further refinement.

Therefore, it is imperative that this current preliminary feasibility study,
comprising Stages 1 and 2, be expeditiously expanded to include Stage 3, the
feasibility study portion of the planning process. As envisioned, efforts of the
Stage 3 planning process will concentrate on three major elements: a public
involvement program; expansion on the environmental considerations including
an Environmental Impact Statement (EIS), if one is deemed required; and the
refinement and finalization of the benefit/cost analysis of 2ll five alterna-
tives. The results would permit the ranking of the alternatives not solely on
their economic merits, but in accordance with public acceptability, and in
harmony with the natural values and environmental enhancement of the project
area. The final selected plan should then be subsequently recommended for
implementation.
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Richard Cronin, 100 Cambridge Shueot Loston 02202
Stephen T. Chmura,
Commissioner

September 26, 1980

Mr. Joseph L. Ignazio
Chief, Planning Division
Corps of Engineers

424 Trapelo Rd.
Waltham, MA 02154

Dear Mr, Ignazio:

In response to your recent inquiry relative to the proposed hydro
development at Colebrook Reservoir. My staff has reviewed the preliminary
information and 1s of the opinion that the development project as outlined,
especilally by alternatives 2 and 3, does not pose any detrimental impact to
the future quality of the recreational fishery. They do agree that the
public access facility will have to be modified in response to the increased
elevation of the lake,

Thank you very much for including us at this stage of the planning
effort. If we can be of further assistance, please don't hesitate to
contact us.

teve T. Chmura, i
Commissioner

STC:dk

¢cc: Lou Schlotterbeck
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Department of Cruironmental Proleclion ﬂi‘*’

Fats Office RBuititing Flargfond, Connsoliowt 06115

October 7, 1980

Mr. Joseph L. Ignazio
Chief, Planning Division
Department of the Army
New England Division
Corps of Engineers

424 Trapelo Road
Waltham, MA 02754

Dear Mr. Ignazio:

The following is in response to your letter concerning development
of the hydropower potential of the flood control facilities at Colebrook
River Lake. These comments are intended to assist your office in
preparing a comprehensive evaluation of this proposal. Our comments
are directed toward preferred Alternatives 2 and 3 and are commensurate
with the level of information and detail provided.

The West Branch Farmington River, which is impounded by Colebrook
and Goodwin Dams, is classified as AA in the Connecticut Water Quality
Standards and Classifications. This is Connecticut's highest water
quality designation and signifies that it is suitable for drinking
and part of the Metropolitan District Commission's (MDC) supply
network for the Hartford area. The water supply allocation at the
dams is not presently being diverted to this system, but is projected
to be required within a2 decade. Preventing any deterioration in
water quality which would interfere with this intended use is our
primary concern,

Our general water resource concerns related to all hydropower
facilities involves maintenance of dissolved oxygen levels, stream
flows and eutrophication. In this situation, increases in turbidity
appear to represent the greatest potential adverse effect on water
quality. The shoreline exposed in lowering the Goodwin Dam impoundment
by 31 feet and the projected daily fluctuation of the pool by 6 feet
both have the potential of increasing turbidity levels substantially
through erosion. An evaluation of the soils, slopes, revegetation
potential and the planned operation of the impoundment by MDC wil]
be necessary to assess this issue,

Modification of the permanent elevation of the impoundment pools
will cause a disruption of terrestrial habitat. Whether this disruption
is considered adverse or beneficial is dependent upon the quality and
nature of the localized areas affected and their relationship to the
surrounding area. The functional relationship of these areas to the
local fauna should also be considered,
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Mr. Joseph L. Ignazio -2~ October 7, 1980

Public access to all types of waterbodies has been identified in
the State Comprehensive Qutdoor Recreation Plan as a major statewide
recreational need. Details of the preferred alternatives indicate
that use of the existing boat launching faciiity at Colebrook would
be impeded. Maintaining this type of access is a high recreational
priority of DEP and should be considered and evaluated thoroughly.

At this point, the Department does not anticipate that environmental
issues should preclude development of this hydropower facility. The
details that will be developed by advancing this proposal coupled with
appropriate mitigation measures should satisfy our principle concerns.

If DEP can be of any additional assistance regarding this project
please contact Brian Emerick, of my staff, at 203-566-3740. :

Sincerely,

4{2:;;,45?%;/ (§%%4L
Stanley Pac

SJP:BJE:bj
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=l Massachusetts Municipal Wholesale Electric Company

NNl PUBLIC CORPORATION

July 18, 1980

Max B. Scheider, Col., Div. Eng.
Department of the Army

New England Division, Corps of Engs.
424 Trapelo Road

Waltham, MA 02154

Dear Colonel Scheider:

Recently, we received a telephone inquiry from Mr. Leo Millett of your
Division concerning our interest in purchasing power from a proposed
3.5 MW hydroelectric project at the Colebrook Reservoir, on the
Farmington River.

" We wish to inform you that such a project would be of great interest
to us and we would consider purchasing power from it or any similar
project subject, of course, to its being an economic and competitive
resource,

We have contacted the Connecticut Municipal Energy Cooperative (''CMEEC")
of Groton, Commecticut, our counterpart in Connecticut, apprising them
of the proposed project. They also expressed an interest in discussing
the purchase of power from the facility.

We would therefore recommend that a joint power purchase by both MMWEC
and CMEEC be considered in your planning of this project,

If we may be of further assistance in helping you to develop your plams,
please do not hesitate to contact me,

Sincerely,

LI

Thomas H. Ro s Division Manager
Power Managetfient Division

THR /mb

ce: Phillip C. Otness
Walter Truitt
Bruce McKinnon

STONY BROOK ENERGY CENTER + POST OFFICE BOX 426 + LUDLOW, MASSACHUSETTS O1056 -« (413} 589-0141
Chairman, Bocrd of Directors  James E. Baker

Phlllip C. Otness President EH. King

General Manager and Secretary Treasurer George E Leary
: General Counsel  Maurice J. Ferriter
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This 1s a copy of the contract between the United States and the
Metropolitan District for water storage space in the Colebrook River
Lake Reservoir, entered into 11 February 1965.



Contract Ne, DA=19-076-C IVENG-65~203

CONTRACT BETWEEN THE UNITED STATES OF AMERICA
AND
THE METROPOLTTAN DISTRICT
FOR :
WATER STORAGE SPACE IN COLEBROOK RIVER RESERVOIR

THIS CONTRACT, entered into this 11th  day of February

1965, by and between the UNITED STATES OF AMERICA (hereinafter called
the Govermment), represented by the Contracting Officer executing thils
contract, and THE METROPOLITAN DISTRICT, & Municipal Corporation, with
its principal office in the City of Hartford, Connecticut (hereinafter
called the District) '

WITRESSETH THAT:

1. WHEREAS, construction of the Colebrook River Reservoir on the
West Branch of the Farmington River, Connecticut and Massachusetts,
(hereinafter called the Project) has been authorized by the Act approved
1} July 1960 {Public Law 86-6&53 in accordance with recommendations of
the Chief of Engineers in House Document No. 443 (86th Congress, 2nd
Session); and,

2. WHEREAS, the Metropolitan District, a Municipal Corporation
in the State of Connecticut, is empowered under the provisions of Specilal
Act No. 122 of the January Session, 1963 General Assembly, 1o make '
egreements with the United States in connection with the Colebroock River
Project and to divert further water from the West Branch of the Farming-
ton River; and,

3. WHEREAS, the Govermment is asuthorized by the Water Supply Act
of 1958, Title III of Publi¢ Law 85-500, approved 3 July 1958, as
smended by Section 10 of the Federal Water Pollutlon Control Act, Amend-
ments of 1961, Public Law 87-88, to include storasge in any reservoir
project to be constructed by the Corps of Englneers to impound weter for.
present or anticipated future demand or need for municipal or industrial
wvater; and,

4., WHEREAS, Public Law 88-140, approved 16 October 1963 mekes
permanent the rights of States and local interests to utilize municipel -
end industrial storage in Corpe of Englneers reservolrs for which they
have contributed or will hereafter coniribute or have contrected or will
hereafter contract to pay the Government, over a specified period of
years, money, exclusive of interest, equivelent to the cost of providing
a space for such storage; end,



Contract No, DA=19-016<C IVENG~65~203

5. WHEREAS, storage space has beenincluded in the project for
municipel and industrial water between Elevations TO1 and 64l feet above
~ mean gee level; sand,

6. WHEREAS, the District anticipates that a portion of the storage
space deslgnated for future use will be required immediately upon com-
Pletion of the Project and that all of such gtorsge space will be
required on or before 1 January 1978; and,

T. WHEREAS, the District desires to utilize the storage space be-
tween Elevations 677 and 64l feet above mean sea level (hereinafter ‘
called storage space #l), as & source of present water supply ae set
forth in Article 1; and,

8. WEHEREAS, the District desires to utilize the storage space be-
tween Elevations 701 and 677 feet above mean sea level (hereinafter called
storage spece #2) for future water supply; and,

9. WHEREAS, the cost of storage space #2 does not exceed 30% of
the total estimated construction cost of the project; and,

10. WHERBAS, the District has furnished ressonable assurances that
demands for the use of storage space #2 will be met within a period of
. time which will permit paying out the costs allocated to water supply
within the life of the project; and, , :

1l. WHEREAS, the District hereby agrees to fulfill the locael interest
requirements of the project authorization, applicable to water supply,
ag set forth  herein.

NOW, THEREFORE, THE PARTIES DO MUTUALLY AGREE AS FOLLOWS:

ARTICLE 1. WATER STORAGE SPACE

a. [JThe District shall have the right to utilize storage space
Ko. 1 (between 677 and 64h feet above mean sea level) for a present water
supply for mmnicipel and industrial use and low flow improvement as
deemed necessary by the District,to impound weter in the Project and make
such diversions as granted t¢ the District by the State of Connecticut to
the extent that such storage will provide.

b. The District shall have the right to withdraw water from
the aforesaid storage space or to order releases therefrom to be made by
the Govermment at any time so0 long as sufficient sborage is available
within the aforesaid storage space to permit direct relesses through the
outlet turmel in the dem asbutment provided that no such releases will be
made which would cause flooding when combined with local runoff below the
dam.
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c. The Distriet ghall have the right to utilize the successive
increments of storage space No. 2 (between 701 and 677 feet above mean
ses level) in the same msnner as storage space No. 1 upon making the first
payment on the princlpal thereon as provided in Artiele 7. '

d. The Government shall not be responsible for diversion by
others, nor will it become a party to any controversies between users of
the aforesaid storage spece.

€. The Government reserves the right to take such measures as
may be necessary in the operation of the project to preserve life and/or
property.

f. The Government shall have the right to utilize eny of the un-
used aforesaid storage space below Elevation T0L.0 for storage of water on
behalf of the State of Connecticut for in-reservoir fisheries, for down-
stream sport fishery improvements or other purposes. The District shall
have the right to fully occupy such aforesaid storage space when sufficlent
water is availlable. '

8- Payment for the present storage, Including operating and
maintenance therefor, will commence immediately upon initiation of deliberate
impoundment. The term "deliberate impoundment” as used in this contract
shall mean the date upen which the project becomes operative for storage
of water for any of i1ts authorized purposes.

ARTICLE 2.  SEDIMENTATION AND DEAD STORAGE

The District shall reserve the storage spage below Elevation
598.0 for dead storage and as reserve eapacity for storage of sediment.
When sedimentation resurveys are made, the storage space so reserved shall
be reallocated if necessary to replace any storage space above or below
Elevation 70l which may be lost due to sedimentation. 8Storage space be-
tween FElevations 641.0 and 644.0 shall be considered a replacement for this
reserve cepacity. '

ARTICLE 3. HOLDOVER STORAGE

The future plans of the District provide for the construction of
8 tunnel from the Goodwin Dam to the Barkhamsted Water Supply Reservoir
apd diversion of the stored water for District use. The Distriet shall,
at such time as substantial amounts of the stored water are diverted,
either by means of the proposed tunnel or otherwlse, operate its storage
in such a manner as to maintain 5,000 acre-feet of water between elevation
625.0 and 598.0 in the Colebroock River Reservoir as holdover storage. The
holdover storage will not be used except in cases of emergency as deter-
mined by the District and will not be included in the District's normal
reserve storage required to fulfill minimum flow release requirements.
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ARTICLE L.  EXISTING WATER STORAGE SPACE

Except as provided in Articles 2 and 3 above, nothing in this .
agreement shall affect the existing rights of the District to utilize the
storage space below Elevation 641.0, the elevation of the spillway crast
at Goodwin Dam,

ARTICLE 5.  MEASUREMENT

Ae For the purpose of maintaining accurate records of water
stages at the Project, the Govermment shall install suitable float well
gages. The Government will also furnish the District periodically, at
least monthly, a record of all reservoir stages in the Project.

b. The District shall cooperate with the Government and the
Cormecticut Board of Fisheries and fame in maintaining accurate records
of water used at the Project. The District shall furnish the Government
monthly statements showing the amount and duration of releases made at the
Coodwin Dam for each purpose.

Ce The Distriet, prior to use of the water storage space for
‘domestic purposes, agrees to insgtall a suitable weir or other metering
devices satisfactory to the Contracting Officer without cost to the
Goverrment. Unless otherwlige provided, such weir will be installed at
the discharge end of the proposed diversion tunnel hetween Goodwin Dam
and Barkhamsted Reservoir, The Nistrict shall furnish the Government
monthly statements showing the amount and duration of such diversion.

ARTICLE 6, REGULATION OF THE USE OF WATER

The regulation of the use of water stored 1in the aforesaid
gtorage spaces between Elevations 701.0 and 598,0 shall be the
responsibllity of the District and shall not be considered a part of
this contract. Gate operation required for reservoir releases as
ordered by the Distriet wlll be accomplished by the Government.

ARTICLE 7.  CONSIDERATION AND PAYMENT

In consideration of the payments provided in this apgreement

to be paid by the District to the Government, the Government will provide
storage spaces in the Project as provided in Article 1. In consideration
of the Covernment's providing the aforesaid storare spaces to the District,
the District shall psy the following sums to the Government: '

i :
T a. The sum of $5,587,085.48 which is the total estimated
cost of providing all water storage space lncluding interest during con-
struction at the rate of three and one hundred thirty-seven thousandths
percent {3,1374) per annun. The sum of $5,587,085.L8 represents 35.49
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percent of the total estimated investment cost of the joint use facilities
together with 75.43 percent of the specific cost of reservoir clear-
ing., Payments shall be madg in the following menner:

(1) A payment in the amount of $108,02%.77 shell be
made on 1 January 1968 and annually thereafter on 1 January of each year
up to and including 1 January 2017. The date of 1 Jenuary 1968 is based
on the assumption that Storsge Space No. 1 will be avallgble on or about
this dste. The $108,024.77 is the annual payment necessary to liguidate
the $2,793,542.74 estimate of cost of Storage Space No. 1 in & period of
50 years with an interest rate of 3.137% per annum on the unpaid belance.
In the event that the date of deliberate impoundment is delayed beyond 1
Merch 1968, the schedule of payments for Storage Space No. 1 shall be de-
layed to the same extent.

(2) A payment in the smount of $71,296.35 shall be
mede on 1 January 1973 and anmually thereafter on 1 Januery of esch year up
to and including 1 Januery 2022. The date of 1 Jenuary 1973 is based on
the assumption that the first increment of Storsge Space No. 2, estimated
to cost $1,843,738.21 will be used starting as of this date. The
$71,296.35 1s the annual payment necessary to liquidate $1,8k3,738.21
egtimate of cost of this first increment of Storesge Space No. 2 in a
periocd of 50 years with an interest rate of 3.137% per annum on the un-
peid balsnce, No paeyments on the investment of $1,843,738.21 are re-
quired until the date of 1 January 1973 when it is assumed the use of this
storage of water will be made. The period of 5 yeare from 1 Jenuary 1968
t0 1 Januery 1973 is interest free.

(3) A payment in the amount of $36,728.42 shall be
made on 1 January 1978 and annually thereafter on 1 January of each year
up to and including 1 Jsnuary 2027. The date of 1 January 1978 is based
on the assumption that the final increment of Storage Space No. 2, esti-
meted to cost $049,804.53 will be used starting as of this date. The
$36,728.42 is the annusl payment necessary to ligquidate the $949,80k4.53
estimate of cost of the second and final increment of Storage Space No.
2 in a perlod of 50 years with an Interest rate of 3.137% per annum oOn
the unpeid balance.

b The aforessid payments are more specificelly set forth
in Exhibit "A" attached hereto and made a part hereof, and the last pay-
ment of items a, (1)-(3) above shall be adjusted upward and downward when
due, to assure the repayment of all capltal costs and interest wlthin their
respective 50-yeer periods, in the foilowing mannexs

(l) In the event the actual first cost of the Project
exceeds the presently estimated first cost the aforesaild anmyal payments
shall be increased to reflect the actual flrst cost, including interest
during construction, as determined by the Contracting Officer. In the
event such first coet of the Project is leas than presently estimated
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first cost the aforesald annual peyments shall be decreased to reflect
the actual first cost, including interest during construction, asg de-
termined by the Contracting Officer.

(2) In the event the snnuel payments are increesed
or decreased, as provided above, an adjustment, as determined by the
Contracting Officer, of peyments made prior to the determination of the
final Projeet cost shell be made in the first payment due after such
costs are determined. At the time that the final Project costs sre de-
termined, Exhibit "A"™ shall be modified tc reflect the increased or
decreased annusl payments and such modification will form a pert of this
contract. .

e. - Prior to the date of deliberate impoundment, the
Distrigt may increase or decrease the smount of capacity included in
Storage Space No. 1 with a corresponding change in Storage Space FRo. 2
provided that the cost of Storage Space No. 2 shall not be lneressed
agbove 30 percent of the total project cost as determined by the Contract-
ing Officer.

(1) The Distriet may vary the size end time of taking
of the increments in Storage Space No. 2 including additional increments
if desired. The total number of such increments shall not exceed four.
In the event any increments are not taken by 1 January 1978, the cost of
such increments shall bear interest at the rate of three and one hundred
thirty-seven thousandths percent (3.137%) from 1 January 1978 or ten
years after the date of deliberate impoundment, whichever shall be the
later. Taking of the final increment shall not be delayed bheyond 1

January 2018 or 50 years after the date of deliberate impoundment, which~
ever shell be the later.

d. The District shall have the right if 1t so elects to
meke additional principal payments so as to discharge or reduce the in-
debtedness, as indicated in Exhibit "A". Any additional number of
principal payments must be In the amount and order designated in Columns
3 of Exhibit "A", but may be made on Schedule 1, 2 or 3 or any comblna-
tion thereof. Any such payments shall be made at the same time the annual
installments are pald. Payment by the District of such additional princi-
pal payments shall relieve the District of the interest charges
correspending to such additional principal peyments es shown in column 2
(peyment to interest) of Exhidbit "A", BSuch additional principel payments
shall not preclude payment of the subsequent snnual instellments as set
forth in Exhibit "A".

e. The annual experiencedégoint use cost of ordinavy
operation and maintenance of the project allogated to water supply.

(1) ‘The first payment estimated to be $5,700.00 will
be due and paysble on 1 January 1968. Annual payments willl be due and
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payable in advance on the first dey of January thereafter and will be
equal to the allocated portion of the actual experienced joint use cost
of ordinsry operation and malntenance for the preceding Government fiscal
year. The second payment shall be incressed or decreased in an amount

to reflect the difference between the first payment snd the actual allo-
cated portion of the experienced joint use cost of ordinary operation

and maintenence for the preceding fiscal year. The Jjoint use costs shall
be allocated on the basis of the smount of storage taken by the District
~in the following manner:

(a) From 1 January 1968 to 31 December 1972,
17.75 percent.

. (b) From 1 Jamary 1973 to 31 December 1977,
29. percent.

(c¢) On 1 Jenuary 1978 and thereafter, 35.49

percent.

(2) 'The sbove percentages are besed on the assumption
that the Distriet will utllize 5 billion gallons of storage space on or
sbout 1 January 1968; a second inerement of 3.3 billion gallons in 1973
and a final increment cof 1.7 billion gallons in 1978. If the utilization
by the Distriet is modified, the above percentages shall be meodified
proportionately.

(3) Records of cost of operation and meintenance of
the Project shall be available for inspection and examination by the
District. However, the exkent of operation and maintenance of the
FProject shall he determined by the Contracting Officer and all records
and accounting shall be meinteined by the Contracting Officer. In the
event the District should require addiltional cperation for the water supply
storage over and above that deemed necessexry by the Contracting Officer,
the Ddstrict shall bear the entlre cost of such edditionsl expense.

f. ~'The District shall pay 35.49 percent of the cost of
sedimentation resurveys and msjor capital replscements when incurred.
In the event such costs are Ilncurred before the District takes all 1lts
storage, the cost shall be adjusted proportionstely.

. In the event of default in the payment of the costs
contained in Article 7, a - f, the amount of such payments shall be in-
ereased by an amount egual t0 interest on such overdue psymentes at the
rate of three and one hundred thirty-seven thousandths percent (3.137%)
per annum thereon; compounded annually, and such amount equal to intereast
shall be charged from the date such payments are due until paid.

ARTICLE 8. PERIOD OF CONTRACT

This contract shall become effective ms of the date of approval
by the Becretary of the Army or his duly authorized representative and
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shall continue in full force and effect under the conditions set forth
herein not to exceed the life of the project.

ARTICLE §. PERMANENT RIGHTS TO STORAGE

Upon completion of payments by the Diastrict, as provided in
Article 7 herein, the District shall have a permsnent right under the
provisions of P. I. 88-140 to the use of such storage space in the pro-
Ject, as provided in Article 1 herein, subject to the following:

a. The District mst have discharged its responsibilities
for pasyment of the costs allocated to water supply.

b. The Distrlict must continue psyment of annual operstion and
maintenance costs allocated to water supply.

c. The District must pey in lump sum, or annually with inter-
est at the rate of 3.137% the costs allocated to water supply which may,
et termination of the psy-out periocds set forth in Article 7 above, be
required for eny necessary reconsbruction, rehabilitation or replace-
ment of project features which may be required to continue satisfactory
operation of the project. Such costs will be established by the Contract-
ing Officer. Repayment arrangements (or schedules) will be in writing
and will be made & part of this contract by supplemental agreement.

d. Upon completion of payments by the District, as provided
in Article T ebove, the Contracting Officer shall redetermine the stor-
age spsce for municipal snd industrial water supply, teking into account
such equitable reallocation of reservoir storage capacities among the
purposes served by the project as may be necessary due to sedimentation.
Such findings, and the storage space sllocated to munielipal and industrial-
water supply shall be defined and described in an exhibit which will be
nade & part of this contract by supplementsl sgreement. Following the
same principle, such reallocation of reservoir storage capacity mey be
further adjusted from time to time as the result of sedimentetion re-
surveys to reflect actual rates of sedimentation and the exhibit revised
1o show the revised storage spece allocated to municipal and industrial
water supply.

e. The permsnent rights of the District shall be continued
80 long as the Government contlnues 1o operate the project. In the event
the Government nc longer operates the proJect, such rights may be con-
tinued subject to the execution of a separate contract, or supplemental
agreement providing for:

(1) Continued operation by the District of such part
of the facility ess is nepessary for utilizetion of the storage space
allocated to 1t;
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(2) Terms which will protect the public interest;

(3) Effective absolvement of the Government by the
District from all 1iability in connection with such continued operation.

ARTICLE 10.  DEFAULT

In the event the District refuses or falls to comply with the
provisions of this contract with respect to transfer and assignment,
or if it fails to make payments as provided herein within a reasonsble
time, then the Government reserves the right to terminate this contract.
(See Article 7, subpar. g)

ARTICLE 11.  OPERATION AND MAINTENANCE

The Qovernment shall operate and malntein the Project owned by
the Qovernment. The District shall have the right to meke withdrawals
- of water for its purposes as needed in accordance with Article 1. The
District shall be responsible for operation and maintenance of all features
and appurtensnces which may be provided and owned by the District. In the
event the Government should suspend operation end meintensnce of the Pro-
Ject, during the perlod of this contract, due to lack of sppropriated
funds, then and in that event the Disirict shall be privileged end shall
have the right to enter upon the premlses and operate the same for its own
use and benefit in supplying 1tself with water to the extent provided in
this eontract.

ARTICIE 12.  TRANSFER AND ASSTIGNMENT

The Idetrict shall not transfer or aselgn this contract nor any
rights acquired thereunder, nor suballot sald water or storage space or
any part thereof, nor grant any interest, privilege or license whatso-
ever in comnection with this contract, without the approval of the
Becretary of the Army or his authorized representative; provided thaet,
unless contrary to the public interest, this restriction shall not be
construed to apply to any water which may be obtained from the water sup-
ply storage space by the District and furnished to eny third party or
parties.

ARTICLE 13, RELEASE OF CLAIMS

The District shell hold and save the Govermment, including its
officers, agencies and employees, harmless from lisbility of any nature -
or kind for or on account of any claeim for dameges which may be filed or
asserted as a result of the water supply storage in the Project, or with-
drawal or release of such water from the Project,made or ordered by the
District, or as & result of the construction, operatioh, or maintenance
of the appurtenances owned and operated by the Distriet.
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ARTICIE 1Lk. . FEDERAL AND STATE LAWS

The District shall utilize such storsge spece in & menner con-
sistent with Federal and State lawa.

ARTICIE 15. OFFICIALS ROT TO BENFFIT (ASFR T7-103.19)

No member of or delegate to Congress, or resident commissioner,
shall be admitted to any share or part of this contract, or to any benefit
that may erise therefrom; but this provision shall not be construed to ex-
tend to this contract 1f made with & corporatlon for its general benéfit.

ARTICLE 16.  COVENANT AGATNST CONTTNGENT FEES (ASFR 7-103.20)

The District warrants that no person or selling agency has been
employed or retained to solicit or secure this contract upon an agreement
or understanding for a commission, percentage, brokerege, or contingent fee,
excepting bona fide employees or bone fide established commercial or selling
agencles maintained by the Dletrict for the purpose of gecuring business.
For breach or violation of this warranty the Government shall have the
right to apnul this contract without liability or in its discretion to add
to the contract price or conmslderation, or otherwise recover, the full
amount of such commission, percentage, brokerage, or contingent fee.

ARTICLE 17.  APPROVAL OF CCNTRACT

This contract shell be subjeét to the written approval of the
Secretary of the Army or his éduly authorized representative snd shall not
be binding until so approved.

IN WITNESS WHEREOF, the pertles hereto have executed this contract as
of the day end year first above written.

THE UNITED/ZTATES OF AMERICA

Acting Division Engineer

TWO WITRESSES: Contracting Officer

i% Name

28 L /%éyn ‘Cheirmax’ of its District Board
Address
Z { Loy, )?7 Caﬂzw»«w/

Yame

3 7’), / }7/ (?/Ll(,’zf_ Cj ' ’ Corporate Seal
Address .., %‘M{ o
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CEATIFICATHE
I, , certify that I am the District Clerk
of The 244 whe signed

this contract on bshalf of The Metropolitan strict was then Chalrman
of its District Board; that said contract was duly signed for and on be-
half of The Metropolitan District by authority of its governing body
and is within the scope of its corporate powers.

IN WITNESS WHEREOF, I have hereunto_gffixed my hand and the seal of
said corporation this ﬁﬁ Jday of iéﬁﬁﬂiﬁé 1965,

“dl¢

Nistrict Cler

Corporate Seal

.!‘.;'}proved as to form and content for The Metropolitan District.

. ) .

é//(-iis';{//[“""J—‘-’—'-)‘{'ﬁ“*,..»—
ALFRED F. WECHSLER
“istrict Counsel

ATPROVED:

SEC%ETARY COF THE ARMY

pare: 10 MAR 1855
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APPENDIX E

This is a copy of the Riparian Agreement between the Metropolitan
District and the riparian owners, which was signed by all concerned on
13 July 1961.



ADDENDUM
(Minutes of The Metropolitan District Commission, July 10, 1961)

Watler Burcau
RIPARIAN AGREEMENT
The Farmington River Power Company
The Collins Company
The Hartford Electric Light Company
The Riparian Company

At its meeting held on June 5, 1961, the District Board
approved and authorized the District Chairman to sign a
revised agreement with The Riparian Owners.

On July 13, 1961, this revised agreement was signed by

all concerned, a2 copy of which follows:

RIPARIAN AGREEMENT

MEMORANDUM OF AGREEMENT made and concluded this 13th
day of July, 1961, by and between The Metropolitan District, a muni-
cipal corporafion organized and existing under Special Acts of the
General Assembly of the State of Connecticut and having territorial
limits within the County of Hartford, State of Connecticut, party of
the first part, (hereinafter called the “District”): and The Collins
Company, The Farmington River Power Company, The Hartford Elec-
tric Light Company and The Riparian Company, Comnecticut corpora-
tions, jointly and severally parties of the second part (hereinafter
called the “Riparian Owners’ or “Ownérs"):

Whereas, The District is charged under said several acts with the
duty of supplying to the inhabitants of said district and to certain
other towns and persons water for domestic and other purposes: and

Whereas, two certain contracts and one Memorandum of Agree-
ment now exist: one contract dated May 1, 1811 by and between The
Board of Water Commissioners of the City of Hartford of the State
of Connecticut and The Collins Company, The Union Water Power
Company and its Lessees, and The Farmington River Power Company:
and the other contract dated October 13, 1925 by and between said
Water Commissioners and The Collins Company, The Union Electric
Light and Power Company, The Farmington River Power Company,
and The Riparian Company: and the Memorandum of Agreement dated
March 31, 1931 by and between the Metropolitan District and Landers,
Frary and Clark, The Collins Company, The Union Electric Light and
Power Company, and The Farmington River Power Company; and

Whereas, the District has assumed the performance and obliga-
tions under said contracts of said Board of Water Commissioners: and
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Whereas, the purpose of said contracts and of said Memorandum
of Agreement was to assure to said Riparian Oaners and to the in-
habitants of the Farmington River Valley a proper and equitable
supply of water through the Farmington River and its tributary
streams for commercial and other purposes; and

Whereas, there now exist on the Farmington River watershed
two reservoirs primarily for District water supply purposes: Nepaug
Reservoir on Nepaug River and on Phelps Brook, (tributaries of the
Farmington River); and Barkhamsted Reservoir on the East Branch
of the Farmington River; and

Whereas, there mwexist on the East Branch of the Farmington
River a compensating reservoir at Richard’s Corner, and a reservoir
on the West Branch at Hogback for compensation in kind and ulti-
mately for water supply purposes; and

Whereas, Special Act No. 444 of 1949 of the General Assembly
of the State of Connecticut restricts the impounding of the natural
flow of the West Branch of the Farmington River at the dam of the
Hogback Reservoir to flows in excess of 150 cubic feet per second
above the dam site exclusive of any water discharged from the Otis
Reservoir watershed; and szid Special Act No. 444 specifies that the
minimum flow shall not be allowed to fall below 50 cubic feet per
second through or over the dam regardless of the actual natural

minimum flow; and

Whereas, it is expected that the diversion of water from the
said reservoirs and the restrictions noted in said Special Act No. 444
will result in damage to the Riparian Ovwners at their several mill
sites along the Farmington River below the confluence of the East
and West Branches thereof; and

Whereas, in the opinion of the parties the ascertainment of these
damages in cash.will be long, difficult and expensive; and

Wheresas, instead of defraying said damages in cash, it is pro-
posed to control the flow of water in said Farmington River by creating
a regulated flow, at the cost of the District, thio ugh the operation
of the Nepaug, the Barkhamsted, the East Branch Compensating and
the Hogback Reservoirs; all of which will be in the nature of com-
pensation in kind and in lieu of any cash damages to which the
Riparian Owners may be entitled, as well as affording such improve-
ment to the river that the entire community will be benefited: and

Whereas, the District, for its corporate purposes, now desires to
enter into a new agreement with the Riparian Owners because certain
conditions of the Memorandum of Agreement of March 31, 1931 cannot
be met by reason of the restrictions contained in said Special Act
No. 444, and because of the impracticability of fulfilling the terms of
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said Momorandum of Agreement regarding drainage area tributary to
the specificd compensating reservoir;

NOW THEREFORE, It is agreed:

1.

[

The parties intend by this Agreement to amend the said two
contracts and Memorandum of Agreement, and hereby do
amend said contracts and Agreement, to the extent necessary
to enable the District to provide compensation in kind to the
Riparian Owners instead of immediate cash payments, and by
improving the river to secure lasting benefits to the com-
munity. The agreements, obligations, and performances on the
part of the District hereinafter set forth shall inure to the
benefit of and be binding in {avor of each of the said Riparian
Owners, severally, and their respective successors and assigns,
owners of the water powers now owned by them.

Suhject to the limitations hereinafter contained, compensation

shall be made by the District to the Riparian Owners through

the regulation of flows of water in the Farmington River in the
amounts and at the time directed by the Riparian Owners.

The total annual amount of such compensation to be made by

the District to the Riparian Owners shall be not less than 21.7

hillion gallons of water, delivered subject to the following

conditions: :

a. Between May 15 and October 31 {both dates inclusive) the
District is not obligated to deliver more than 17.4 billion
gallons of water. However, nothing herein shall preclude
delivery of an additional 0.6 billion gallons in this periad by
mutual agreement. This additional amount over 17.4 billion
gallons shall be credited against the total delivery of 21.7
billion gallons for the water year.

b. Between November 1 and March 15 of the following year
{both dates inclusive) the District is not obligated to de-
liver more than the total of 4.3 billion gallons of water, and
the difference between the amount of compensating water .
delivered by the Distriet in the preceding May 15~ October
31 period and 17.4 bhillion gallons of water. However the
amount of this difference shall not exceed 3 billion gallons
in any single period. '

¢. Between March 16 and May 14 of any year (both dates
inclusive) the District is not obligated to deliver any water .

d. The District is not obligated to deliver more than 2.0 billion
gallons of water in any calendar week nor more than 400
million gallons in any one day. For the purposes of this
agreement a day is defined as the twenty-four hour period
beginning at 12:01 o’clock A.M.

e. The District is not obligated to deliver compensating water
al any time at a rate in excess of 800 million gallons of
water per day. ‘
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f. The compensating water to be delivered by the District to
the Riparian Owners shall be from the Nepaug Reservoir,
the Barkhamsted Reservoir, the East Branch Compensat-
ing Reservoir, and/or the Hogback Reservoir, at the dis-
cretion of the District, and shall be delivered to the
Riparian Owners and shall be deemed delivered to the
Riparian Owners immediately below the dam of the Nepaug
Reservoir, the East Branch Compensating Reservoir, and
or the Hogback Reservoir, as the case may be.

g. The District, at its cost, shall obfain and furnish such data
and shall keep such records as shall be reasonably necessary
to enable the parties hereto to determine performance under

' this agreement. The District will provide the Riparian
Owners with copies of such records as the Riparian Owners
shall request.

4. The delivery of water by the District in accordance with para-
graph 3 above shall be in the nature of compensation in kind
and in lieu of any cash damages to which the Riparian Owners
may now be entitled, as well as affording such improvement to
the river that the entire community will be benefited. In the
event of termination of this agreement, as hereinafter pro-
vided, the Riparian Owners shall not be deemed to have waived
any rights with respect to the kind or amount of compensation
to which they are entitled. The acceptance by the Riparian
Owners of compensation in kind, pursuant to this agreement,
is based upon the presently existing dams and reservoirs of the
District and the watershed supporting each such reservoir,
except as provided for in paragraph 8.

5. If, on demand, the District fails to deliver at least 17.4 billion
gallons of compensating water in the period May 15 through
October ‘31 or the total amount of compensating water which
the District is dbligated to deliver in the period November 1
through March 15, the District shall compensate the Riparian .
Owners as soon as possible after demand by the Riparian
Owners with electrical energy or cash, computed on each
Owner’s costs to obtain an amount of electrical energy equiva~
lent to the amount of electrical energy which could have heen
generated by that Owner with the compensating water which
the District had failed to deliver. If for three consecutive
periods of May 15 through March 15, the District, on demand,
fails to deliver a total of at least 17.5 billion gallons of water
per each ten month period, such failure shall indicate the
District’s inability to fulfill this agreement and the Riparian
Owners shall have any and all rights which they now or in the
future may have, including without limitation the right to
terminate this agreement. The District, moreover, shall
compensate the Riparian Owners, with electrical energy or
cash as provided in this paragraph.
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5. Construction or any other work of the United States Govern-
ment or the State of Connecticut which prevents the District
from delivering at least 17.5 billion gallons in a ten month
period of May 15 through March 15 will not be considered an
inability on the part of the District to perform under this
agreement and such ten month period will not be considered in
computing the three consecutive ten month periods hereinabove
described, but the District shall be obligated to compensate the
Riparian Owners with electrical energy or cash as hereinabove
described, o

6, If the Riparian Owners do not call on the District to deliver
the amounts of water to which the Owners are entitled under
this agreement, then the Owners shall have forfeited for that
particular water-year (May 15 through March 15} only the
water not demanded.

7. Nothing in this agreement shall prevent the District from
furnishing all the water required for the needs of its inhabi-
tants and of others who may be entitled thereto, from any or
all of the reservoirs listed hereinbefore; and if, in a year of
subnormal run-off, it shall become absolutely necessary, in
order to supply water to the inhabitants of any territory
served by said District for drinking or sanitary purposes, or
for such uses as in accordance with present practice would be
permitted in times of drought, delivery to the Riparian Owners
may be temporarily reduced below 21.7 billion gallons of water
as hereinbefore set forth, but in any such case compensation
shall be made as provided for in Paragraph 5.

8. Nothing in this agreement shall prevent the District from
entering into an agreement with the United States Government
or the State of Connecticut for the construction of the dual
purpose reservoir (presently under consideration) on the West
Branch of the Farmington River upstream from the present
Charles A. Goodwin dam: nor shall it prevent the District from
constructing a tunnel in transmitting therein water from the
Hoghack Reservoir to the Barkhamsted Reservoir, The com-
pletion of one or both of these projects shall not confer on the
Riparian Owners the right of requesting a renegotiation of the
agreed upon amounts of water as set forth hereinbefore, but
shall not relieve the District from its obligation to deliver not
less than 21.7 billion gallons of water as hereinabove set forth
or the compensation in lieu thereof as described in paragraph 5
above. The provisions of this paragraph 8 shall not operate
as a limitation of the rights retained by the Riparian Owners
as described in Paragraph 10 herein.

9. The direction as fo amounts and time of delivery of compensa--
tion water shall be by the Riparian Owners, who for said pur-
pose may act through the agency of The Riparian Company,
{who for such purpose has executed this agreement), or of
some similar agent as may be appointed by the Riparian
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10.

Owners. The District shall retain the right of choice of source
of such éompensation water as specified in paragraph 3 and
the right to enforce such limitations on operation as are pro-
vided herein and as may be reasonably necessary for the
protection of its works.

The Riparian Owners agree to waive and do hereby waive all
their rights at common law and under the provisions of said
contracts dated May 1, 1911 and October 1. 1925 and of said
Memorandum of Agreement dated March 31, 1931, in respect
to the ree flow of the East Branch of the Farmington River
above the Richard’'s Corner dam: and to the free flow of the
West Branch of the Farmington River above the Charles A.

‘Goodwin dam except for the discharge from the Otis Reservoir

watershed and except for the natural flows of the stream up to
150 cubic feet per second at the said Charles A. Goodwin dam,
as long as the District, or its successors, shall fully comply
with and perform the provisions of this Agreement, This
waiver shall not operate to prevent the assertion of any or

all such rights by the Riparian Owners if the District defaults
in its performance of the provisions of this agreement, and
such default shall continue for an unreasonable period.



APPENDIX F

This is a copy of the Riparian Agreement between the Metropolitan
District and the Allied Connecticut Towns, Inc., 18 April 1949.



AGREEMENT made this 18th day of April, 1949 by and between
The Allied Connecticut Towns, Incorporated, a corporation incorporated
under the laws of the State of Connecticut, hereinafter sometimes called
the “Corporation’”, acting herein by Hadleigh H. Howd, its President
duly authorized and empowered hereunto by vote of its board of directors,
party of the first part, and The Metropolitan District, a municipal
corporation specially chartered by the General Assembly of the State
of Comnecticut, having its territorial limits within the County of Hartford
in said state, hereinafter sometimes called the *Distriet”, acting herein
by Edward N. Allen, its Chairman, duly authorized hereunto by vote of
its District Board.

WITNESSETH:

WHEREAS, the District is desirous of building a dam for water
supply purposes at the Hoghack, so-called, in the Town of Hartland,
in Hartford County, in the State of Connecticut, for the purpose of
impounding and diverting the waters of the West Branch of the Farmington
River for a water supply; and

WHEREAS, the Corporation is a lower riparian owner on said
stream; and

WHEREAS, one of the purposes for which said Corporation was
formed is to conserve, protect and promote the natural beauties, the
‘natural resources and the recreational facilities of the State of
Connecticut; and

WHEREAS, the District owns and operates various other reservoirs
which, together with the proposed Hogback reservoir, will have a safe
yield of water therefrom sufficient to meet the needs of the inhabitants
within its territorial limits for many years to come; and

WHEREAS, the Corporation has opposed the granting of authority
by the General Assembly to the District for the purpose of building a
dam at said Hogback and the moving of trunk-line highways and the
right of eminent domain in connection with the same; and

WHEREAS, various sportsmen’s organizations located within the
state of Connecticut and allied with the Corporation have also opposed
the granting of said authority for the building of said dam as aforesaid
because of the limitation of boating, hunting, fishing and other recrea-
tional activities which would result from said construction;

NOW THEREFORE:

In consideration of the premises and other valuable considerations
the parties hereto agree as follows:



1. The Corporation, as a riparian owner, will not hercafter
assert its common law rights as such riparian owner as to the flow of
the West Branch of the Farmington River through or along its property
but shall be restricted to such riparian rights as it may be entitled to
by virtue of this contract.

2. The District has inserted in the so-called Hogback bill,
House Bill No. 610, which it has introduced into the General Assembly
at its segsion of 1949, a provision prohibiting the development for water
supply purposes of said West Branch of the Farmington River below said
Hogback dam site to and including Satan’s Kingdom and of Sandy Brook,
Mac River and Still River, or of any other tributaries of said West Branch
which enter the said river between said points, and the District hereby
agrees specifically that for the period of seventy-five (75} years here-
after it will not construct any dam or similar obstruction to said river
between said points at any time or attempt to do so, except at Greenwood’s
Pond as hereinafter provided.

3. The District hereby agrees to have said House Bill amended to
the effect that the District shall not have any right of eminent domain in
respect to land or property rights upon, beneath, along or bordering said
West Branch of the Farmington River from a point immediately below said
Hogback dam site to and including Satan’s Kingdom, except for the
construction, repair and maintenance of pipe lines for water supply
purposes.

4. The District further agrees that in the event said riparian
proprietors or any of them who are parties to an agreement with The
Metropolitan District dated March 31, 1931, shall demand by virtue of
said contract that the District shall build any further dam or dams below
Hoghack dam site on said West Branch of the Farmington River to and
including Satan’s Kingdom or on any of said tributaries or that the District
shall impound for them or any of them any of the water flowing between
Hogback dam on said West Branch and above said Satan’s Kingdom or
in any of said tributaries, the District will invoke the provision in
said contract for relief on the part of the Metropolitan District which
stafes, “Nothing in this agreement shall prevent The Metropolitan Distriet
from furnishing all the water required for the needs of its inhabitants
and of others who may be entitled thereto, . . .” and if the District
shall be unable to supply the riparian owners with the amount of water
which it may be obligated to furnish by the provisions of said agreement,
it will make up the equivalent of such shortage by electrical energy
or otherwise.

5. The District agrees that in the event it shall obtain author-
ity for the right of eminent domain from the General Assembly to build
said dam and reservoir at Hogback it will allow and permit boating and
fishing upon the Hogback reservoir, so-called, and that it will allow and



permil hunting and fishing upon all the watershed area of said Hogback
reservoir which may be owned hy the District, subject only to such proper
rules and regulations as may be promulgated from time to time by a
commission of seven members consisting of one member of the State
Department of Health to be appointed by the Connecticut Public Health
Council, one member of the State Board of Fisheries and Game to be
appointed by said Becard, one member of the Water Bureau of the District
to be appointed by the District chairman and one representative from each
of the towns of Colebrook, Barkhamsted, New Hartford and Hartland to be
appointed by the Board of Selectmen of each of said towns, such
representative as far as possible to be selected from a sportsmen’s
organization. The members of said commission shall serve without
compensation.

6. The District agrees to maintain through or over said Hogback
dam a minimum flow offifty cubic feet per second at all times and to
hold back at said dam only such flow of said West Branch as shall be
in excess of one hundred {ifty cubic feet per second above the dam site
exclusive of any water discharged from the Otis reservoir watershed,

7. The District agrees to construct not later than fifteen years
after the effective date of said Hogback bill a dam at or near the site of
the former dam at Greenwood’s Pond, the water impounded thereby to be
made available for hunting, fishing and recreation, subject to its use by
the District for power or compensation or other purposes but not for
drinking or public water supply purposes.

8. The District agrees to explore with the Connecticut Flood
Control And Water Policy Commission the possibilities of making use
of said Hogback reservoir for flood control purposes by 1ncreasmg the
height of the dam.

9. The District agrees that it will sell to approved purchasers
at prices to be agreed upon between the parties, any land owned by it
in the West Branch or East Branch areas and located outside the water-
sheds of said streams and their tributaries which it shall determine to
. be unnecessary for its District purposes, except land located in that
~area of the town of Colebrook which lies east of said West Branch,

south of the Massachusetts State line and west of the town line of
Hartland, and to make available for purchase in the same manner land
situated upon any of said watersheds which are so located, that, in its
opinion, use of occupancy thereof will not be detrimental to the water
supply system under proper regulations.

10. The District agrees that it will use its best efforts to induce
the Connecticut State Highway Department to complete, as soon as
practicable, the reconstruction of the highway from the Washington Hill
section on Route 179 to Route 20, just west of West Granby.
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11. The Corporation agrees, in consideration of the promises
and agreements of the District herein contained, to withdraw all its
opposition to the passage of said bill, to render to the District reason-
able support and assistance for its passage, to send a written communi-
cation to the Committee on Cities and Boroughs, to which said bill has
been referred, stating the favorable disposition of the Corporation toward
the passage of said bill and to make known to the representatives to the
General Assembly from the towns of Colebrook, Winchester and New
Hartford that it favors the passage of said bill.

12. Said District will have said House Bill No. 610 amended to
the effect that the provisions of this contract, in so far as they may be
beyond the corporate powers of either party hereto, are ratified and con-
firmed and made obligatory upon the parties. The provisions of this
contract shall become effective only upon the effective date of this act.



APPENDIX G

This is a copy of the Connecticut State Statutes governing the powers
of the Metropolitan District regarding water, consisting of Special Act
No. 141 of 1963 and Special Act No. 444 of 1949.



Special Act No, 141 of 1963 of the
General Assembly of the State of Connecticut



_House Bill No. 3081
SPECIAL ACT NO, 141

AN ACT CONCERNING THE POWERS OF THE METRO-
POLITAN DISTRICT RESPECTING WATER.

Be it enacted by the Senate and House of Representatives in
General Assembly convened:

Section 4 of number 444 of the special acts of 1949 is
amended to read as follows: No riparian owner on said Far-
mington river below said proposed dam authorized by section 1
hereof shall be required, in order to reserve his rights, to assert
any claim for loss or damage arising from the construction of
said dam and said new raservoir prior to the time when water
is actually diverted from said reservoir for use in the water
system of said district and the failure to asseri such a claim
for loss or damage prior to the actual diversion of said water
from said west branch of said river shall not consitute laches
or waiver or a bar by limitation of time. Before said district
shall divert from said reservoir any of the water of said west
branch of said river for use in the water system of said dis-
trict it shall either agree with riparian owners on said Farming-
ton river below the dam of said reservoir upon the compensa-
tion to be made to them in lieu of damages by reason of such di-
version or it shall by condemnation proceedings acquire the right
to divert said water and make just compensation for the water
so diverted to any of such riparian owners with whom no
agreement for such compensation has been made. The mini~
_mum flow through or over the dam of the proposed Hogback
_reservoir shall not be allowed to fall below fifty cubic feet per
“second regardless of the actual natural minimum flow,




Special Act No. 444 of 1949 of the
General Assembly of the State of Connecticut
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AN ACT INCREASING THE POWERS OF THE METROPOLI-
TAN DISTRICT, RESPECTING WATER.

SKECTION I, The Metropolitan Distriet, for the purpose of im-
proving and increasing the water supply of the towns and the in-
habitants thereof to which said district shall furnish water, is au-
thorized to take, hold, conserve, store, utilize, divert and convey
to, into and through its system of water works the waters of the so-
.called main stream or west branch of the Farmington river and its
tributaries, which enter said main stream at or north of fhe Hog-
back, so-called, for said purposes or for compensation, and for said
purposes to build, erect and maintain a dam on said west branch of
the Farmington river, at or about the Hogback, so-called, and
may take and hold by purchase, condemnation or otherwise any
lands, water rights, flowage rights, rights of way or easements or
bther rights of property, wbich said district may deem necessary
or convenient for- constructing said dam, a reservoir, agueducts,
pipe lines, tunnels or other works for the purpose of storing, dis-
tributing and utilizing such water supply, for conveying the same
between reservoirs or from reservoirs to any part of said district or
to any other place which is, or under authority of law may be,
supplied with water by said distric't, and for protecting the purity
of said waters and which may be necessary or convenient for the -
purpose of carrying out the provisions hereof. The provisions of this
section shall be subject to the provisions as to minimum stream flow

set forth in section 4 hereof,

SEC. 2. Said district may construct and maintain, on land so
taken, a dam, a resefvoir, dikes, spillways, flumes, canals, ague-
ducts, wheel-pits, waste-weirs, races, buildings and other works
and sti'uctures which said district mai/ deem necessary or convenient
for taking, storing, purifying, controlling, measuring and distribut-
ing the waters hereinbefore authorized to be taken, or for any other

purpose hereby permitted, and, for the purpose of conveying the



waters of said west hranch of the Farmington river and utilizing

the same to increase its water supply, may construct, lay, carry,
maintain and repair such canals, tunnels, pipes, telephone and
electric power wires, or other works, as may be necessary or con-
venient for such purpose, through or over any lands, rivers or other
water courses, railroads, street railways or public or private ways,
and over and upon any public bridge now existing or hereafter

built; may contract with the public authorities owning or controll-
ing any public bridge or bridges hereafter built for adaptation there-
of to the uses herein provided, under such terms as may be agreed
upon, for the purposes of this act; may open the ground in any private
or public way in any city or town in which any portion of said

works is located, under the approval of the selectmen or other
proper authority thereof or, if control be exercised by the state over
- any highway so opehed, under the approval of the highway com-
missioner, in such manner as to cause no unreasonable hindrance

to public travel, and shall hold the party responsible for such high-
way ﬁarmless from all liability for, and indemnify it against, all
damages suffered and expenses incurred by it from any cause re-

sulting from such acts of said district.

SEC. 3. If said district shall construct said works as authorized
by section 1 hereof upon the west branch of the Farmington river,
said district may use any part of the water therein stored, which is
not needed for its'water supply system, for the purpose of returning
to said Farmington river at convenient times water in lieu of that,
in whole or in part, di verted, and may install such necessary spill-
ways, locks, gates and appliances for regulating the discharge and
flow of water in said river for the purpose of maintaining in said
river a more constant flow regardless of seasonal variation, and said
district may make and enter into contracts and agreements with
any person or corporation affected by any such diversion providing

that the water so stored, ponded and returned to said river from



said reservoir Shall be in 1ied, i.n whole or in part, of damages résult—
ing to such peréon or cdrporation by reason of such diversion or
holding back of said {#ater and may make any and all contracts,

. agreements and conveyances which mayAbe necessary or convenient

to provide for the maintenance, care, operation and control of said
reservoir for said purf)oses; but said distriet shall retain the right to
enforce such limitations on operations as may be negeésary for the
protection of thé primary purpose of fhe use of said works és a part

of its water supply system; and said district is authorized to pur-
chase electric pdwer and to make and enter into contracts and agree-
ments with any person or corporatio‘n affected by the diversion of _
water from said west branch whereby said electricity so purchased

by said district sl}all be deliv_ered or supplied in lieu, in whole or

in part, of damagés. resulting td such person or corporation by rea-
son of such diversion or by reason of the storing or. ponding of the
waters in said ri_vei' -and Ifor ‘the pufpo.?se of furniShing compensaiion

in kind to perSdris and cdrporations damaged by thé diversion of

water under the authority given herein. In substituting electricity,

in whole or'in pﬁrf, for water, said district shall supply such electridity
through and by agreement with the electric light and power com-

panies authorized to distribute and sell electricity within said

territory.

SEC. 4. No riparian owner on said Farmington river below
said proposéd dam a.utho.rized by section 1 hereof shall be required,
in order to reserve his rights, to assert any claim for loss or damage
‘arising from the _co.nstructior_l of said dam and said new reservoir
prior to the time when water is actually diverted from said reservoir
for use in the water syste_ﬁ] of said district and the failure to assert
such a claim for loss or damage prior to the actual diversion of said
water from said west branch of saiﬁ river shall not constitute laches

or waiver or a bar by limitation of time, Before said district shall



divert from said reservoir any of the water of said west branch of
said river for use in the water system of said district it shall either
apree with riparian owners on said Farmington river below the dam
of said reservoir upon the compensation to be made to them in lieu
of damages hy reason of such diversion or it shall by condemnation
proceedings acquire the right to divert said water and make just
compensation for the water so diverted {o any of such riparian
owners with whom no agreement for such compensation has been
made. The natural flow of the water of the west branch of the Farm-
ington river shall not be held back at the dam of the proposed Hog-
back reservoir, except such flow of said west branch as shall be in
excess of one hundred fifty cubic feet per second above the dam site
exclusive of any water discharged from the Otis reservoir watershed;
and the minimum flow shall not be allowed to fall below fifty cubic
feet per second through or over the dam regardless of the actual

natural minimum flow.

SEC. 5. If any highway or any scction of highway is to be
overflowed, abandoned or discontinued by reason of the construc-
tion or reconstruction of the reservoir under authority given hereby
and a substitute highway or section of highway is to be constructed
therefor, before any change of location or grade of any highway
shall be made said district shall cause a detailed plan to he made
indicating the grade and location of the new highway, which may
be a town or state aid or trunk line highway, which it proposes as
a substitute so as to show fully all changes proposed to be made.

If any highway to be flooded or abandoned is a town road and the

highway to be substituted therefor is to be a town road, plans as

provided heréin shall be presented to the selectmen of each town
within which highway alterations are to be made. Such selectmen,
within fifteen days thereafter, shall issue a call for a meeting of the

legal voters of such town to be held within ten days after the issuing



of said call and shall submit said plun to such meeting for its con-
sideration. Said meeting may adopt, modify or reject such plan or
any part thereof and, within ten days after said meeting and in
accordance with Ithe vote thereof, such selectmen shall notify said
district of the decision of said meeting thereon or of such modifica-
tions therein as have been made. If the plans presented are modified
or rejected, said district may at its option thereupon present other
pians to such selectmen for presentation to a meeting of the legal
voters of such town in accordance with the procedure hereinbefore
provided, Thé proceedings, orders and decisions of any town as
aforesaid shall be in writing and shall be recorded in the records
of such town. If said district and any town affected by any change
of location of any highway hereinbefore described s_hal__l not agree ‘

upon any plan submitted or if such selectm_en of any town shall

fail to act thereon as hereinbefore provided, said district may petition

the superior court for the county in which such highway or such _
part thereof is located or, if such court is not in session, any judge
thereof, asking said court or such judge to‘app‘rove one of said
plans as presented. Said court or such judge may théreupon'caus'e
such notice of such petition to be giveh as said court or such judge
shall prescribe. Unless the parfies shall agree as to the judgmer;t
to be rendered, saia (-':i.)urt or such judge shall fully hear 'sa-id disti‘iét
and all parties interested and shall fhereupon approve sﬁ.ch plaﬁ

or make such changes therein as it may decide to be necessary for
the purpose of carrying out the provisions hereof, and said district
may thereupon proceed with the construction of such highway in
accordance with said plan as approved, | If any highway to be flooded
or abandoned is a trunk line or state aid highway or if the highwéy
to be substituted for é.ny highway to be flooded or abandoned is .to

be a trunk line or state aid highway, a plan prepared as herein pro-
vided shall be submitted to the state highway commissioner and

the approval of said commissioner as to location, grade, specification
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and general details of the highway to be constructed shall be suffi-
cient, or if said district, acting through its district board, and the
state, acting through said commissioner, shall enter into an agree-
ment in writing, either with or without conditions, that the state

will accept the new highway after construction according to said
plans and specifications as a state aid or trunk line highway, then only
the approval of said commissioner as to locatioﬁ, grades, specifica-
tions and general details shall be necessary. No such highway so
proposed to be changed shall be in any way discontinued or oh-
structed, nor shall public travel thereon be interfered with, until

a2 new highway in lieu thereof has been constructed in accordance

with the provisions of this act.

" SEC. 6. Said district shall have power to make any contract
of purchase for acquiring title to any land, water right, franchise
or other property required for or affected by the reservoir or other
works herein provided and for acquiring title in the respective towns
of rights of way for such highways. Any land on the watershed under
the control of the state park and forest commission may be left in
such control subject to the rules and regulations of the state depart-

ment of health regarding public water supplies.

SEC. 7. If said district cannot agree with any owner of land,
water rights or other property {o be taken for such dam, reservoir
and appurtenant works, or for aqueducts, pipe lines or transmission
lines, or for the use of water herein provided, or for the construction
of highways in lieu of those overfiowed, taken, abandoned or altered
under the provisions of this act, as to the amount of damages which
ought to be awarded to any party claiming to be injured by the
doings of said district hereunder, said district may petition the
superior court for the county wherein such property so to be taken
or damaged is located, or, if said court is not in session, any judge

thereof, praying that such compensation may be determined. Said
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court or such judge may thereupon cause such notice of such peti-
tion to be given as said court or such judge shall prescribe and shall
appoint a state referee to examine the property which is to be taken
or damaged by the acts of said district hereunder, including all
damages for any land or water right, title, privilege, easement, fran-
chise or other property which may be required, taken or impaired
for the purposes hereof. Such referee, having given at least ten
days' notice to the parties interested of the time and place of hearing,
shall determine the amount of compensation which said owner or
parties affected shall receive and report the same in writing to said
court. Any party may remonstrate against the acceptance of said
report in accordance with the rules of the superior court. Said court
may confirm rthe doings of such committee and render judgment
accepting the report or take such other action as it may determine

. to be proper. Said district shall pay the amount provided in such
judgment, in such manner as said court may prescribe, in full com-
pensation for the property acquired or the injury done by the acts

of said district and thereupon said district may proceed with the
construction of the dam, reservoir and other works provided for by
this act, without any liability upon any further claim for. compensa-

tion for damages.

SEC. 8. If, to carry out the purpose of this act, any cerﬁétery
or land owned for cemetery purposes is to be taken by said district
and it shall become necessary to remove such cemetery from its
present location and to establish it in another place, the owner or
owners of such cemetery, or if there is no known owner or owners,
or if such owner or owners shall neglect or refuse to act under the
provisions of this act, said district, _if land therefor cannot be acquired
otherwise, may petition the superior court for the ecounty in which
such cemetery is located for authority to take other land which such
owner or owners or said district, as the case may be, may consider

suitable to be used for cemetery purposes in lieu of that taken under



the provisions of this act; and said court may appoint a committee
of three disinterested persons who, after examining the premises
and hearing the parties, shall report to the court as to the gquantity,
boundaries and value of the land which such committee shall deem
suitable to be taken for said purposes, and the damages resulting
from such taking; and if the court shall accept such report, it shall
render judgment thereon and execution may be issued thereon ac-
cordingly, in favor of the person in whose favor damages are as-
sessed, for the amount thereof; and upon payment thereof the title
of the land shall, for such purposes, be vested in such owner or
owners of the cemetery taken under the provisions hereof, if known,
or, if not known, in the name of the town in which such cemetery

is located; but such land shall not be taken until such damages shall
be paid to the owner, or deposited with the treasurer of the county
for the use of such owner, which payment or deposit shall be made
within thirty days after such report shall he accepted. If‘such ap-
plication shall be denied, the owner of the land shall recover from
the applicant or applicants costs, to be tuxed by the court, and the
court may issue execution therefor. The owner or owners of such
cemetery, or, in the event that such owner or owners shall neglect
or refuse to act, said district shall have authority to lay out and es-
tablish a new cemetery in place of any taken hereunder, and, in all
cases in which the friends or relatives of those buried in any cemetery
so taken shall ﬁot otherwise provide, to remove the bodies buried in
such cemetery, together with the monuments and other property

of such cemetery, and place them’'in suitable manner in the new
cemetery herein provided for. Said district shall pay all costs incurred
under the provisions of this section and shall reimburse the owner.
or owners of any such cemetery so taken for all expense or liability
incurred in the taking, Iaying out, or establishing of any new ceme-
tery or in removing the bodies, monuments and other property from

such cemetery so taken to any established in place thereof, and shall
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also bear all expense incurred in the removal of bodies and monu-
ments, by friends or relatives, to cemeteries other than those here-

inbefore referred to.

. SEC. 9. When lands, rights or other prdperty, or any interest
therein, I;aken or affected under the provisions of this act, shall be
owned by an infant, or an insane person, or by a person unknown
or absent from this state, or where any person shall be the owner

_of a contingent or uncertain interest therein, the superior court, or
any judge thereof, may make such order for service of process upon
such person, or for giving notice to any such person of the pendency
of proceedings under this act, or for the appointmént of a guardian,
conservator, trusiee, or other representative for such person, as said
court or such judge shall determine, and thereu'pon all proéeedings
hereunder shall be binding upon the interest of such person in such
lands, rights and property, and said court or such judge may make
orders to protect the rights, title and interest of any such person

taken or affected by or under the provisions of this act.

SEC. 10, Said district is authorized, after notice to the owner
when practicable, to enter upon any land or water for the purpose
of making surveys necessary to be made for the purposes of this act,
and shall pay all damages caused thereby. Said district shall pay
all costs, including costs of commiftees, incurred in the taking of
lands, rights of way and property for any purpose under the pro-
visions of this act, not othemise provided for heréin; and ail land
taken for any of said purposes shall be set in the list for taxation
in the town in which said land is sitﬁated, to The Metropolitan
District, and assessed for taxation at the averagé assessed valuation

per acre of the improved farming land in such town.

SEC. 11. If after the construction of the reservoir authorized
by this act the water in Bushnell or Mill brook, so-called, shall, in

the opinion of The Metropolitan District or of the state department
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of health, become unfit for drinking purposes, said district shall at
its own expense divert said brook so that it shall enter the west
branch of the Farmington river below said Hogback dam so that

the use and improvement of the water-shed around the sources of
said brook, including Hartland pond and the Pinehurst lakes and
their tributaries in the town of Hartland, for domestic and recrea-

tional purposes shall remain undisturbed,

SEC, 12. Said district shall not develop for'v&;z.tter supply
purposes said west branch of the Farmington river below the Hog-
hack dam site to and including Satan's Kindgom, or Sandy brook,
Mad river or Stiil river or any other tributary of said west branch
which enters said river between said points and shall not have any
right of eminent domain in respect to land or property rights upon,
beneath, along or bordering said west branch between said points,
cxcept for the construction, repair and maintenance of pipe lines
for water supply purposes. Said district shall not impose ény restric-
tions on swimming or other recreational activities in the towns of
Colebrook, Norfolk, Winchester, and New Hartford within the ter-
ritory of the watershed of said streams. Boating, hunting and fishing
shall be a!lowed upon the reservoir to he consiructed under the
provisions of this act and within the limits of land owned by the
district and located within the watershed of said reservoir and Green-
wood's pond. Said activities shall be subject to proper regulations
to be determined from time to time by a commission of seven mem-
bers consisting of one member of the state department of health
to be appointed by the Connecticut public health council, one mem-~
ber of the state board of fisheries and game to be appointed by said
board, one member of the water bureau of the district to be ap-
pointed by the district chairman, and one representative from each
of the towns of Colebrook, Barkhamsted, New Hartford and Hart-
land to be appointed by the board of selectmen of each of said

towns, such representative, as far as possible, to be selected from
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a sportsmen's organization. The members of said commission shail

serve without compensation.

‘SEC. 13. Said district is authorized to acquire hy purcliusc,
hold title to, maintain and operate and exercise all privileges of
ownership of any land, water right, franchise or olher property in
Massachusetts required for or affected by the proposed reservoir
or other works on either branch of said Farmington river, or neces-
sary or convenient for the protection thereof or of the water supply
system connected thereto, and to negotiate and enter into agree-
ments with the Commonwealth of Massachusetts or any of its govern-
mental or administrative sub-divisions, agencies, cgmmissious or
boards, or owners or occupanis of real estate necessary or convenient
for the protection of the water supply system and the operation
thereof, including sanitation and elimination of pollution of any
natural waterway or any and all of their tributary waterways or
watersheds within said commonwealth of Massachusetts, the alter-
ation, relocation or reconstruction of highways and é.ppurtenances,
and as to the payment of téxes_on any such land, water right, fran- .
chise or other property or for compensation in lieu of such taxes.
Said district is authorized to comply with any law of said common-
wealth or subdivision thereof which may be applicable to it as
owner of any such land, water right, franchise or other property.
All purchases of land, water rights, franchises and other property
heretofore made by said district within said commonwealth are

validated.

SEC. 14. The Metropolitan District is authorized so far as is
compatible with the primary purposes of creating and maintaining
a pure public water supply and compensation to cooperate with
the work of the state board of fisheries and game in promoting the

increase of the supply of fish and game.

SEC. 15, It shall be the duty of The Metropolitan District
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- and il shall have the right upon passage of this act to proceed forth-
with to acquire title by purchase, condemnation or otherwise, to

all private land in the town of Colebrook situated within the area
bounded on the north hy the Massachusetts line, east and south

by the town of Hartland, and west by the Farmington river. When
said town of Colebrook shall have been notified by said district that
said title has heen acquired it shall proceed forthwith to discontinue
and abandon the town and state aid roads in said area. Said town
shall also convey to said district all right and title of the town in and
to public lands and all bridges and culverts upon the roads in said
aren and the bridee on the west side of the river at Brownell's and
the triangular picce of land on the west side at the junction of

Beech road and the west side highway., The town shall have the right
to remove and use the material from any of the culverts on the
ahandoned roads. Upon performance by said town as hereinbefore
described said district shall pay to said town the agreed sum of

twenty thousand five hundred dollars.

SEC, 16. B8aid district may begin to exercise forthwith the

rights herein granted to take property by purchase or otherwise,

SEC. 17. The provisions of an agreement dated April 18, 1949,
between The Metropolitan District and The Allied Connecticut
Towns, Incorporated, so.far as they are beyond the corporate powers
of either party thereto, é,re ratified and confirmed and made.obli—
gatory upon the said parties. The provisions of said agreement shall
become effective only upon the effective date of this act.

Approved, July 26, 1949,
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